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FCC Compliance 


This equipment generates and uses radio frequency energy and if 
not installed and used properly, i.e., in strict accordance with 
the operating instructions, reference manuals, and the service 
manual, may cause interference to radio or television reception. 
It has been tested and found to comply with the limits for a 
Class A computing device pursuant to Subpart J of Part 15 of FCC 
Rules, which are designed to provide reasonable protection 
against such interference when operated in a commercial 
installation. If this equipment does cause interference to radio 
or television reception, which can be determined by turning the 
equipment off and on, the user is encouraged to try to correct 
the interference by one or more of the following measures: 


1) Reorient the receiving antenna. 


2) Relocate the equipment with respect to the receiver. 


3) Move the equipment away from the receiver. 


4) Plug the equipment into a different outlet so that equipment 
and receiver are on different branch circuits. 


If necessary, consult your dealer service representative for 
additional suggestions. 


The manufacturer is not responsible for any radio or TV 
interference caused by unauthorized modifications to this 
equipment. It is the responsibility of the user to correct such 
interference. 
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CHAPTER 3 


11/23+ MICROCOMPUTER 


INTRODUCTION 

The compact 11/23+ microcomputer SYstem is designed to increase sYstem 
performance and provide efficient backplane utilizatiorio This loui—cost? 16-bit 
microcomputer can address up to four full megabvtes of paritr liOS liSVll-P memorY 
while offering full processor functionalitY. It is compatible with a wide range 
of software and hardware design? using the Extended Q—Bus^ 


The 11/23+ CPU module contains diagnostic and bootstrap ROM? a memorY management 
unit? line—time clock? two asYnchronous serial lines? and three sockets for the 
Commercial Instruction Set (CIS) and Floating Point Instruction Set options. 
Because of this uniaue packaging densitY? most app1ications will fit in a single 
PowerFrame unit - 


SPECIFICATIONS 


Identification 
S i z e 

Dime n sio n s 


Power Consumption 


KDF11-B 
Quad 

CPU chassis is 13.2 cm high x 48.3 
cm wide x 63 crri deep (5.2 in x 19 
in X 26.8 in) 

+5V 5’/.? at 6.4 A max. (at 4.5 A tvp) 

+ 12V 57.? at .7 A max. (at .3 A tYP) 


Bus Loads 


2 AC unit loads 
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No n-o P€» rat i ng Envi r o nme n t 


Operating Environment 


A1titude 


»In s t r u c tio n Timing 


Interrupt Latencv 


Interrupt Service Time 


DMA Latency 


1 DC unit load 

-40 C to 66 C (-40 F to 15.1 F), 107. 

to 907. relative humidity? non- 
con dens i ng 

5 C to .50 C (41 F to 122 F)? 107. to 

95% relative humidity 
Maximum outlet temperature rise of 
5 C (9 F) above 60 C (140 F) 

To 15.25 km (50?000 feet) for non¬ 
operating environment. To 2-44 km 
(8000 feet) for operating environment- 

Based on 75 ns intervals (see Appendix 
J) 

5.7 microseconds (ty p ical) 

12.6 microseconds? max. (except EIS) 

54.225 microseconds? max. (including 
EIS) 

S-625 microseconds (memory management 
off) 

9.750 microseconds (memory management 
o ri) 

1.35 mic r o sec o n d s ? max. 

NOTES Interrupt and DMA latencies 
assume a kXiFll-B with memory management 
enabled and using MSVll-P Memory. 


DESCRIPTION Ce n t ra1 Pr o cess o r 


The 11/23+ central processing unit is contained on two LSI chips? control and 
data? which reside on a single 40—pin carrier (a dual in-line package). The 
standard Memory Management Unit (MMU) is contained on one LSI chip which also 
resides on a 40—pin carrier- 11/23+ contains sockets for these two carriers? 
plus three extra sockets which are reserved for the Commercial Instruction Set 
(CIS) or floating point options. 


The architecture of the 11/23+ is highly expandable because of its internal bus 
structure. The control and data chips communicate with each other? as well as 
with the external 11/2.3+ logic? over the Micro Installation Bus (MIB) <15:00> 
and Chip Data and Address Line (CDAL) <2l:00> bus- 11/23+ logic interfaces 
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these chips to the Internal Data and Address Line (IDAL) <15s00> bus and the 
external Extended Q~Bus- The IDAL bus provides additional loadins capacity on 
the chip set bus. For an illustration of the positions of these busses> please 
refer to Figure 3—1 ? the 11/23-+- functional block diagram. 




CU^CVCKT 


Mid <}S:00>H 
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The 11/23+ hoot and diagnostic ROMs? line clock? and serial line units reside on 
the IDAL bus- Memory and additional peripherals interface to the Extended 
Q-Bus- Bidirectional interfaces (CDAL/IDAL) transceivers and CDAL/BDAL 
transceivers on the 11/23+ CPU module connect the CDAL <21s00> bus uith the IDAL 
<15s00> bus. 11/23+ losic supporting LSI chip set. includes the master clock 
control logic? MIB decode logic? fixed data logic? service logic? reset logic? 
and ODT logic. Logic pertaining to the Extended Q—Bus includes the bus control 
logic? bus synchronizer? and the CDAL/BDAL transceivers. Logic pertaining to 
the IDAL bus peripherals includes the bus control logic? CDAL/IDAL transceivers? 
the IDAL address decode? the boot/diagnostic ROMs? the line clock logic? the 
console and second SLU logic? the baud rate generator? and the ““12^ charge pump 
circuits. 


Floating Point Option 


Forty-six floating point instructions are available as a microcode option 
(KEF11“A) on the 11/23+ processor to supplement the integer arithmetic 
instructions in the basic instruction set. The Floating Point Instruction Set 
executes floating point operations much faster than equivalent software 
routines- It also provides both sing1e—precision (32-bit) and double-precision 
(64-bit) ,operands? and conserves memory space by executing in microcode instead 
of software. This option implements the same Floating Point Instruction Set 
available with the 11/34? 11/60? and 11/70 minicomputers. 


CofTimer c i a 1 Instruction Se t 


The Commercial Instruction Set (CIS)? a microcode option? adds character string 
instructions to the basic 11/23+ instruction set. These character string 
operations irriplement functions of commercial data and text processing 
applications- CIS microcode resides in six M0S/LS.I chips which are mounted on a 
single double—width 40—pin carrier. 


Line Clock 


Line frequency clock provides the system with timing information at fixed 
intervals. The intervals are synchronized with the line frequency of the user's 
input power- The line clock generates bus request level 6 interrupts to the 
processor at time intervals determined by the BEVENT L signal. The BEVNT L 
signal is obtained from the power supply via rriodule pin BRl at 16 2/3 ms or 20 
ms intervals? depending on the line frequency source (60 Hz or 50 Hz? 
respective!y). 
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Line Clock Status Resister 


The contents of the line clock status resister consist of a sinsle read/ojrite 
bit« The prosram corrirriun i cates uiith the line clock via a status register at 
address 777 546. Program recognition of this register^ along tuith the 
recognition of the boot/diagnostic registers and second ujire-uirap (Jll) Jumper, 
u/hen installed, forces the line clock interrupt enable bit to the set condition. 
The line clock status register bit assignment is shoa/n beloui. 


FIGURE 3~2 - Line Clock Status Register (LKS) 777 546 


___ ^ Ly S 


UNUSED 


UNUSED 

^ 7 

UNE CLOCK tNrrePRUPT ENASLe _ 



BIT: 15:7 FUNCTION: Unused 


BIT: 6 (Read/Write) NAME: LINE CLOCK Interrupt Enable FUNCTION: When Set. 
this bit alloujs the BEVENT line to initiate program interrupt reguests. When 
clear, line clock interrupts are disabled. LCIE is cleared bv Pouier-up and 
BINIT. LCIE is held set when the LTC ENJ L Jumper is installed. 


BIT: 5:0 FUNCTION: Unused 


Bootstrap/Diagnostic ROM 


The bootstrap and diagnostic logic features three hardware registers and two RuM 
sockets for 2K. 4K. or 8K read-on1 y memory. This 16-bit read-only memory 
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contains diagnostic prosiraiTis? plus a selection of bootstrap prosr ams, These 
prosrams are user-selectable by settins eisht switches on a 16"”Pin Dual In-Line 
Pack (DIP) switch pack- Programming the bootstrap and diagnostic 1ogic consists 
of setting the switches for the programs desired- The bootstrap/diagnostic 
switch configurations and console operator responses are described in the 
Configuration section of this chapter- The diagnostic programs test the 
processor, memory, the console terminal, and the device to be bootstrapped- 


The user may replace the standard ROMs with 2716-type ROMs containing programs 
of his/her choice, but the 11/23+ will have the functionality described above 
only if the standard bootstrap/diagnostic ROMs are installed in the ROM sockets- 


Table 3-1 lists the error messages associated with the 11/23+ ROMs- 


TABLE 3-1 

ADDRESS- 
OP ERROR 

173036 

Oxx173040 


173046 


173200 
173232 
173236 


173240 


173262 

173302 


173316 


LIST OF ERROR HALT 

DISPLAY 

(OCTAL) 

01 


05 


05 


12 

02 

01 

01 

02 

02 


02 


CAUSE OF ERROR 

CP1ERR, RO contains address of er r or - 

SLU switch selection incorrectc Error 
switches- 

SLU error, CSR address for selected device 
in error- Check CSR for selected device 
in floating CSR address area- 

ROM Loader error- Check sum on data block 

Memory error 2- Write address into itself 

CP3ERR, RO points to cause of error. 

CP4ERR, RO points to address of error„ 

Memory error 3- Byte addressing error- 

Memory error in pre-memory data test- 
R2 = Failing Data 
R3 = Expected Data 
R5 = Failing Address (0-776) 

Memory error- Bit 15 set in one of the 
pa r i t y CSR •* s (172100-172136 ) - Failing 
memory should have the parity light on* 


i n 
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1 73364 

12 

173376 

12 

173526 

05 

173652 

05 

173654 

01 

173660 

02 


ROM Loader error. Checksum on address 
b1ock- 

ROM Loader error. Jump address is odd. 
RL01/RL02 device error. 

RK05 device error. 

Switch mode halt- Match was not made with 
switches. 

MemorY error in 0-2044 KW 22-bit memory 
test. Common error halt for six different 
tests- 

If R 3 -O 7 then error in -tests 1-5. 

R4 determines fail ins test- 
R4 = Expected data 
R5 = Fail ins data 


CONTENTS 
OF R4 

20000-27776 

177777 

000000 

072527 

125125 


TEST 


TEST DESCRIPTION 


1 Address Test 7 bit 11 to 0 

2 Data Test 

3 Data Test 

4 Odd Parity Pattern Test 

5 Byte Address ins Test 

For tests 1-5 (R3 = 0)? determine 22-bit fail ins 
address as follows: 


R1 Bits 11-0 = Fail ins address bits 
R2 Bits 15-6 = Fail ins address bits 
Errors in address uniqueness test. 
Test checks address bits 21-6> Test 
If R3 is not equal to O 7 then error 
this test. 


11 - 0 . 
21 - 12 . 


6 . 

is in 


R4 = Expected data 
R5 = Fai1ins data 

R2 = 22-bit fail ins physical address bits 

21 - 6 . 

Fail ins address bits 5-0 are always 0. 

173664 02 Memory error in pre-memory address test for 

1o ca tio n s 000—776- 
R2 = Fail ins data 

R5 = Fail ins address and expected data 
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173/-.70 01 Error in CPU Test 9» JSR R3 failed- 

173700 01 Error CPU Test 9. JSR PC failed- 

173704 05 RX01/RX02 device error- 

173714 04 A *'N0" tvped in console terminal test- 

173736 02 Memory error data test failed- 

Test 0-30 Kw with MMU off if present- 


R1 = Fail ins address 

R4 = Expected data (either 0 or 177777) 
R5 = Fai1ins data 


173740 

01 

Error CPU Test 9 

"RTS" return 

failed 

173742 

03/04 

Conso1e terminal 

test. No done 

f 1 as. 

173760 

05 

TU58 e r r o r halt. 




E-iootstrap and Diasnostic Resisters 


The bootstrap and diasnostic losic contains three hardware resisters that are 
software-addressable- One of the resisters is dual-purpose resister which 
functions as the confisuration resister when read^ and the display resister when 
written- These resisters are assisned separate-? individual addresses that 
cannot be chansed or modified- The particular desisnations and addresses of 
these resisters are listed in Table 3—2S below- The resisters and associated 
losic are described in the followins parasraphs. 
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TABLE 3-2 - 

BOOTSTRAP AND 

DIAGNOSTIC 

REGISTER ASSIGNMENT 


READ/ 

BIT 


REGISTER 

WRITE 

SIZE 

ADDRESS 

Pag© Control 

W 

12 

777520 

Read/Writ© 

R/W 

16 

777522 

Maintenanc© 




Contisuratio 

n* R 

C» 

777524 

D i s p 1 a v«- 

W 

4 

777524 


Dual-Purpose Resister 


Pase Control Resister (PCR) 777520 


The PCR is a o/rite-onl v register which is both word—addressabl e and 
bvte—addressab1e- This register is cleared bv Power—up^ and when the 'Restart" 
switch on the CPU mounting box is activated. The PCRs in conjunction with the 
ROM address multiplexer7 permit all 2048 locations in the 2K bootstrap/ 
diagnostic ROM to be accessed bv 256 of the Extended Q-Bus addresses reserved 
for peripheral device addressing. The 256 addresses cover a bvte address range 
of 773000-773777. Figure 3-3 illustrates the page control register. 


FIGURE 3-3 - PAGE CONTROL REGISTER 
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The contents of the PGR are used to select anv one of the 16 Rases 
Rase of ROM consists of 128 word locations. Table 3-37 below? 
re 1 ationshiR between the PCR contents to the PCR Rase for Rases O-l?. 
PC:R is loaded with data 000400? the PCR low bvte contains data OOO 7 
hish bvte contains data 001« The PCR bvtes can be loaded seRaratelv- 
ROM locations 1600-1777? for example? one need onlv load the PCR hish 
Rase In this example? the hish bvte contains 007? while the low 

disresarded. 


of ROM. Each 
describes the 
If the 
while the 
To select 
bvte with 
bvte is 


TABLE 3-3 


PCR CONTENTS.yPAGE RELATIONSHIP? PAGES 0-17 


PCR PAGES 
(OCTAL) 

PCR CONTENTS 

PCR HIGH BYTE 
(BITS 13:08) 

PCR LOW 
(BITS 0! 

0/1 

000400 

001 

000 

2/3 

001402 

003 

002 

4/5 

002404 

005 

004 

6/7 

003406 

007 

006 

10/11 

0044 1 0 

Oil 

C) 1 0 

12/13 

005412 

013 

012 

14/15 

006414 

015 

014 

16/17 

007416 

017 

016 


Read/Write Maintenance Resister 777522 


The read/write maintenance resister (RWR) is a 16-bit read/write resister which 
is both word- and bvte-addressab 1e. It is used bv the ROM diasnostics to test 
various read/write functions before accessins main memorv. The resister is 
cleared bv Power-up and svstem reset- 


Confisuration Resister 777524 


This 8—bit read—onlv resister is used to select diasnostic prosrams for 
maintenance and/or bootstrap prosrams for svstem confisuration - The boot/ 
diasnostic prosram selection procedure is described in the Confisuration section 
of this chapter. The interpretation of the switch confisuration is determined 
bv the ROM bootstrap and diasnostic prosrams. The switch resister is depicted 
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belodj in Figure 3—4. 


FIGURE 3-4 - SWITCH REGISTER 777^<2^ 


15_12 11_06 07_ OO 


MOT USED 


_1_1_1 > I I 1 

_1_1 II lit 


67 b5^•3^ 1 


SWITCH N/UHBel=\ SWITCH 'A" 

onI^one: 

0FF=-2.Efp 


Displa-Y Resister 777524 


This 4-“bit uir i te-on 1 v resister allows the prosram to control a four LED 
diasnostic display. Clearins one of the four display resister bits 1 ishts the 
corres po n di ns LEEl The display resister is cleared by Power— -up (which turns all 
red LEDs on) and when the system is rebooted- 


The diasnostic LEE* display is normally used when there is no printout on the 
terminal after a failure. It indicates the type of error when a failure occurs 
in a diasnostic test or bootstrap prosram. The display will indicate the type 
of errors described in Table 3--4» below. Fisure 3»-“5 depicts the display 
resis ter - 
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FIGURE 3-5 - DISPLAY REGISTER 777524 


15 


06 07 


03 

02. 

01 

oo 


NOT USED 







1 1 

1111 J 

.. I I 1 

. 1 





LED 




D4 

D3 

D2. 

D1 


Load “o" to Tuf^M on led 


Standard ROMs must be installed in ROM sockets E126 (1 ouj bvte) and E127 (hish 
bvte) respectivelY to obtain the described errors. 


TABLE 3-4 - DIAGNOSTIC: LED ERROR DISPLAY-^ 

MSD LSD 

DISPLAY 


(OCTAL) 

BIT 3 

BIT 2 

BIT 1 

BIT 0 

TYPE OF ERROR 

01 

OFF 

OFF 

OFF 

ON 

CPU error 

02 

OFF 

OFF 

ON 

OFF 

Memorv 

03 

OFF 

OFF 

ON 

ON 

Console Terminal test 
displav error 

04 

OFF 

ON 

OFF 

OFF 

Console Terminal test 
kevboard error 

05 

OFF 

ON 

OFF 

ON 

Load device status 

error 

06 

OFF 

ON 

ON 

OFF 

Bootstrap code 
incorrect (NOP In- 
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B t r" u c t i c« n n o t in 
1 o c a t i o n 00 0000 ) 


07 

OFF 

ON 

ON 

ON 

S L U e r r «:• r . n c* r- e s p «:• n s e 
from host 

10 

ON 

OFF 

OFF 

OFF 

SLU received d o ne 
flag set 

1 1 

ON 

OFF 

OFF 

ON 

SLU message received 
in DDCNP format 

12 

ON 

OFF 

ON 

OFF 

RON bootstrap error 

13 

ON 

OFF 

ON 

ON 

Attempted access to 
m e m o r- v L c« c 0—6 
failed- This failure 

will nor-ma 1 1 v occur 
when the memory does 
not reply 

17 

ON 

ON 

ON 

ON 

Halt switch on or 


unable to run 

The light pattern indicates the correspond i ng test is in progress or 
failed. Some tests retry (DECnet)? and others will halt the CPU (CPLU 
memorv non~DECne t boo t s ) . 


Serial Line Units 


T he two f u 1 1 — d u p 1 ex as v nc h r o n o u s serial line units ( c o n s o 1 e se r j. a 1 line u ri i t a n d 
the second serial line unit) provide the 11/23+ (KDF11~B) with an EIA interface 
which is RS~232-C and RS~423 compatible. The serial line baud rates are 
determined bv a c 1 ck signal from an internal baud rate generator «:»r an eterna 1 
clock signal via connector J1 and J2. Jumpers are provided to select either the 
internal clock or the external clock. If the internal clock is Jumper~se1ected^ 
the serial line baud rates are switch-selectable from 50 to 19.2 baud. The 
console serial line and the second serial line mav operate at different baud 
rates. However, a split baud rate is not possible. Each serial line must 
transmit and receive data at the same baud rate. If desired. 20 ma active or 
passive current loop operation at 110 baud mav be obtained with DLVll-KA EIA to 
20 ma converter option. The DLVll-KA contains a 110 baud rate clock signal 
which is supplied to pin 1 or the console serial line •_! 1 and the second serial 
1ine J2 connectors. 


The console serial line unit mav be configured to halt in response to a break 
signal received from the console terminal- Both serial lines interrupt the 
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processor at bus interrupt prioritv re<=ujest level 4 (BR4)- 

The character format for each of the serial line units selected by u/ire-wrap 
Jumpers and mav consist of 7 or 8 data bits^ 1 or 2 stop bits-» parity or 
no-parity7 and even and odd parity. 

The console serial line unit is connected to the console terminal via connector 
Jl„ The second serial line unit is connected to the line printer^ the TU53 
cassette tape? or an additional terminal via connector J2. 


Serial Line Unit Registers 


The program communicates with and transfers data to and from the external 
peripheral devices via four associated with each serial line- Two of the 
registers (RCSR and TCSR) contain contro1/status information for receiver and 
transmitter operation. The other two registers (RBUF and TBUF) contain data 
received, from? and data to be transmitted to the peripheral device- The 
addresses assigned to the console and second serial line registers are listed in 
Table 3-5. 


TABLE 3-5 - SERIAL LINE REGISTER VECTORS 


CCfNSOLE 

SERIAL LINE 



SECOND SERIAL LINE 


REGISTER 

ADDRESS 



REGISTER 

ADDRESS 


RCSR 1 


777560 



RCSR2 

776500*«“* 

77654U 

RUFl 


777562 



RBUF2 

776502 

776542 

TCSR 1 


777564 



TCSR2 

776504 

776544 

TBUFl 


777566 



TBUF2 

776506 

776546 

^ DLl 

DISJ 

L ( J14 ) 

must 

be 

ungrounded 

. 


DL2 

DISJ 

L (J13) 

and 

DL2 

ADRJ L (J1 

2) must be ungrounded. 

DL2 

DISJ 

L (J13) 

mu s t 

be 

u n g r* o u n d e d 

and DL2 ADRJ 

L (J12) must 


g r o u n d e d. 
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Register Bit Assignments 


The console a.nd second serial line registers have the same bit assignments with 
the exception of bit O of the TCSR. Bit 0 is used as a transmit break bit (TX 
BRK) in the second serial line register (TCSR2). and it is unused in the console 
serial line register (TCSR 1). 


The bit formats for the registers are shown in the Figures below^ as are the 
register bit assignments. 


FIGURE 3~6 - RECEIVER STATUS REGISTER (RCSR 1 AND RCSR 2) 


RCSF[ 


BIT-- 15:3 

FUNCTION: Unused. Read as zeros. 

BIT: 7 (read-only) 

NAME: Receiver Done (RX DONE) 

FUNCTION: Set when an entire character has been received and is ready to 

be read from the RBUF register. This bit is automatically cleared when 
RBUF is read. It is also cleared by Power-up and Bus INIT. 

BIT: 6 (Read/Write) 

NAME: Receiver Interrupt Enable (RX IE) 

FUNCTION: Cleared by Power-up and Bus INIT. If both RCVR DONE and RCVR 

INT ENB are set? a program interrupt is reguested. 



BIT: 


5: 0 
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FUNCTIONS Unusedo Read as zeros. 

FIGURE 3-7 - RECEIVER BUFFER REGISTER (RBUF 1 AND RBUF 2) 




14 

is 

IZ 

XX , 

10 

09 

0& 

07 ^ OG 05 04 03 0^ 01 OO 

RBUF 





1 

o 

1 

o 

o 

J_1 

o 

1_ 

^ ] III 1 1 

. .1, 1 1._.J_L. i 1 


(READ OtiVf) 

O/ERRUhJ ERROR 
(Re^D oni_y) 


MOT USED RECEIVE DiATA 

(7, a ©‘T I>ATA ISRK^HT-JUSTlFlEDJ 

_QARlTy ERROR (READ ONuy) 

_fraia<»^<=i error (read OiLy) 


BIT“ 15 (read-“onlY) 

NAMES Error (ERR) 

FUNCTIONS Sot if anv RBUF bit 14sl2 is set. ERR is clear if all RBUF 
bits 14s12 are clear„ This bit cannot generate a program interrupts 

BITS 14 (read-on 1V) 

NAME: Overrun Error (OVR ERR) 

FUNCTIONS Set if a previous!v received character was not read before 
being overwritten br the present character. 


BITS IS* ( read~on 1 y) 

NAMES Framing Error (FRM ERR) 

FUNCTIONS Set if the present character had no valid stop bit. Also used 
to detect a break condition. 

BITS 12 (read—onlY) 

NAME: ParitY Error (PAR ERR) 

FUNCTION: Set if received paritY does not agree with expected paritY. 

AlwaYs 0 if no paritY is selected^ 


NOTE: Error conditions remain present until the next character is 

received at which points the error bits are updated. The 
error bits are cleared bv Power— up and Bus INIT. 
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FUNCTIONS Unused. Read as zeros. 

BITS 7s0 <read-only) 

NAMES Received Data Bits. 

FUNCTIONS These bits contained the last received character. If less 
than eisht bits are selected^ the character ujill be r ish t—J ust i f ied 
uiith the most significant bit<s) reading zero. 


FIGURE 3-8 - TRANSMITTER/CONTROL STATUS REGISTER (TCSR 1 AND TCSR 2) 


TCSR 


15 14 1?> 12. 11 10 09 06 07 05 04 OX Ol OO 


1 I I—1 ^ 

ooooooqp 


MOT USED 


"T r 

O O 0 O O 

_I_ \ _ \ _1_ 


NOT useo 


TTeANtSMlT F^ADy (.f{EAD OMuy)-‘ 

TFiANSMIT INTEF^UPT ENABLE (REAO/wRITe)— 

TF^AMSMIT BREAK (f^EAD/WRire)- 

TFWK/5MIT Bf^EAK BIT O IS USED ONty iN TC.Sf=i2.. \T »S NOT USED «N TCSFli.. 


BIT: 15:S 

FUNCTIONS Unused. Read as zeros. 

BITS 7 (read-only) 

NAMES Transmitter Ready (TX RDY). 

FUNCTION: Cleared when TBUF is loaded and sets uhen TBUF can receive 

another character. XMT RDY is set by Poujer— up and Bus INIT- 

BITs 6 ( read/iur i te ) 

NAME: Transmitter Interrupt Enable (TX IE). 

FUNCTION: Cleared by Pouer— up and Bus INIT. If both XMT RDY and XMT 

INT ENB are set 7 a program interrupt is requested. 

BITS 5:1 

FUNCTION: Unused. Read as zeros. 
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BIT: 0 (read/write) 

NAME: Break (TX BRK). 

FUNGTION: When seti transmits a continuous space. - This bit is cleared 

bv Power-up and Svstem INIT. This bit is used onlv in TC;SR2. ' It is 
un u s e d in T C SR1. 

FIGURE 3-9 - TRANSMITTER BUFFER REGISTER (TBUF 1 AND TBUF 2) 


15 14 15 12 j 11 10 09 C6 07 O(o OS 04- 03 02. 01 OO 


TBur 



NOT USED 


TR4lvBMlT DATA 

(7,8 Bit \s moHT-J ustified otJ 
WRITE only). OhJ READ =0. 


BIT: 15:8 

FUNCTIONS Unused. Read as zeros. 

BITS 7:0 (ujrite-onl y) 

FUNCTIONS TBUF bits 7=0 are mrite-onlY bits used to load the transmitted 
character. If less than eisht bits are selected, the character must be 
r i S! h t —Justified- 


CONFIGURATION 


Jumper and S.iaitch Configuration 


The 11/23+ contains two Dual In-Line Pack (DIP) switch units (El02 and El 14) and 
several Jumpers which allow the user to select the module features desired. The 
location of the switch units and Jumpers is shown in Figure 3-10. The Boot/ 
E*ia.gnos t i c switch unit ( E1 C)2 ) cc«ns i s t s of eight switches that let t hue ijsr 
select boot and diagnostic programs. The second switch unit (E114) selects the 
baud rate for the Console CLU and the second -Z'LU. The mudule ‘..untains buth 
wire—wrap Jumper stakes and soldered—in Jumpers- The Jumpers are divided into 
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the follouing functional sroupsJ 
1.. Test Jumpers 
2o CPU Option Jumpers 
3» Device Selection Jumpers 

4. Boot and Diasnostic ROM Jumpers 

5. SLU Character Format Jumpers 

6. Internal/External SLU Clock Jumpers 
7a Q~Bus Backplane Jumpers 

FIGURE 3*10 - JUMPER, SWITCH AND DIAGNOSTIC DISPLAY LOCATIONS 
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Ma.riuf a.c t ur i ri9 Test Jurripers 

Five Jumpers are provided for manufacturins testing purposes» These Jumpers 

must be configured as folloujs in Table 3—6 for normal operation. 


TABLE 3-6 - MANUFACTURING TEST JUMPERS 


JUMPER 

FROM TO STATUS 


J6 


J7 


Installed 


.JS 

J20 

J35 

J33 

J27 

J25 


J9 

I nstal1ed 

J21 

Installed 

J34 

Installed 

J34 

Removed 

J26 

Installed 

J26 

Removed 


C P U O p t i o n J u m p e r s 


Four ujire-u/rap stakes provide user-selectable 
operation of the CPU. The ground stake can be 
the other three stakes to select the available 
stakes select one of three poujer — up modes- 
ha 1 t /1 rap opt i c«.ns - 
Poiuer-LIp Mo de S.'e 1 ec t i on 


features associated Luith the 
connected to anv combination of 
features- Two power-up mode 
The halt/trap stake selects the 


The three power-up modes are available for user selection. Selection is made bv 
installing or removing wire-wrap Jumpers between Jumper stakes (J17> J19) and 
the ground stake (JIS) in various combinations. The Jurriper configuration for 
the modes are described in the Table 3-7 below. 


TABLE 3-7 - POWER-UP MODE JUMPER CONFIGURATION 


MODE NAME 


JUMPER J19 J13 TO J17 


0 PC@24, PS@26 R^" 

1 Console UDT R 

2 Bootstrap I 

3 Not Implemented I 


R 

I 

R 

I 


^ R 


Jumper removed; I 


J urnpe r installed 
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Unlv the pouer — up mode is affected7 rrot the power-down sequence- The following 
paragraphs describe the sequence ot events after executing common Power-up^ when 
selecting each of the four modes. The state of bus signal BHALT L is 
significant in power-up mode operation. 

Power-Up Mode 0 (PC:@24, PS@26) 

This mode causes the mi cocode tc» fetch the contents of memorv 1 ocations 24 and 
26 and loads their contents into the PC and PSx respective1v. The microcode 
then examines BHALT L. If BHALT L is asserted? the processor enters console ODT 
mode- If BHALT L is not asserted, the processor begins program execution br 
fetching an instruction from the location pointed to bv the PC. This mode is 
useful when power-fai1/auto restart capability is desired. 


Power-Up Mode 1 (Console ODT) 

This mode causes the processor to enter console ODT mode immediately after 
power-up regardless of the state of any service signals. This mode is useful in 
a program development or hardware debug environment, giving the user immediate 
control over the system after power— up. 
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Power-Up Mode 2 - Start at 773000 


This mode causes the processor to internally eenerate a bootstrap star tins 
address of 773000 in 16—bit mode with MMU off. This address is loaded into the 
PC. The processor sets the PS to 340 (PS<07:05> = 7 ) to inhibit interrupts 
before the processor is ready for them. If BHALT L is asserted> the processor- 
enters console ODT mode. If noti the processor besins execution bv fetchins an 
instruction from the location pointed to by the PC. This mode is useful for 
turnkey applications where the system automatically begins operation without 
o pe ra t o r in te rve n tio n. 


Halt/Trap Option - J16 


If the processor is in kernal mode and decodes a HALT instruct ion 7 BPOK H is 
tested- If BPOK H is negated7 the processor will continue to test for BPOK H« 
The processor will perform a normal power— up sequence if BPOK H becomes asserted 
sometime later. If BPOK H is asserted after the HALT instructor! decode7 the 
halt/trap Jumper (J16) is tested. If the Jumper is removed7 the processor 
enters console ODT mode. If the Jumper is connected to JIS (ground) 7 a trap 
location 10 will occur. 


NOTE: In user mode a HALT instruction execution will always result in a 

trap to location 10 . 


This feature is intended for situations? such as unattended operation? where 
recovery from erroneous HALT instructions is desirable. Table 3-3 describes the 
halt/trap Jumper functions for Kernal and User processor modes. 


TABLE 3-8 - 

HALT/TRAP . 

JUMPER CONFIGURATION 

JUMPER 

J18 to J16 

PROCESSOR 

MODE 

FUNCTION 

R 

Kernal 

Processor enters Console ODT microcode 
when it executes a HALT instruction. 

I 

Kerna1 

Processor traps to location 10 when it 
executes a HALT instruction. 

X 

U s e r 

Halt instruction decode results in a trap 
to location 10 regardless of the status 
of the Halt/Trap Jumper. 
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On—Board Device Selection Jumpers 


•Six wire-iurap stakes on the 11/23+ module are used to select which on-board 
peripheral devices are enabled or disabled. The ground stake can be connected 
to anv* combination of the other five stakes to obtain the desired configuration. 
The Jumper functions are described in Table 3-9 t below. 

TABLE 3-9 - ON-BOARD DEVICE SELECTION JUMPERS 

STAKE NUMBER FUNCTION 

JIO This wire-wrap stake provides a ground source for the 

other five wire-wrap stakes in this group. 

Jll When grounded^ this signal sets the line clock 

interrupt enable flip-flop and allows the Q—Bus 
BEVNT signal to reguest program interrupts. 

9J15 When grounded^ this signal disables the boot/ 

diagnostic registers, the boot/diagnostic ROMs, and 
the line clock register. 

J12 When J12 is ungrounded, the second SLU device and 

vector addresses are as follows: 

DEVICE ADDRESSES INTERRUPT VECTORS 

R L- ‘r* R 793 3 <-) O R e c e i v e r* 'jii C) < J 

RBLIF 776502 Transmitter 304 

XCSR 776504 

XBIJF 776506 

When J12 is grounded, the device and vector addresses 
are as follows: 

DEVICE ADDRESSES 

RCSR 776540 

RBUF 776542 

XCSR 776544 

XBIJF 776546 

J13 When grounded, this signal disables the second serial 

line registers. When ungrounded, the device and 
vector addresses for t l"ie sec o n d SLLI ar e de t e r-m i rie d 
bv the status of the J12 Jumper. 


INTERRUPT VECTORS 
Receiver 34U 
Transmitter 344 
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When eroundetd^ this sisnal disables the console serial 
line registers- When ungrounded^ the device and vector- 
addresses for the console SLU are the followings 


DEVICE ADDRESSES 

RCSR 777560 

RBUF 777562 

XCSR 777564 

XBUF 777566 


INTERRUPT VECTOR 
Re c eive r 060 

Transmitter 064 


SLU CONNECTOR PIN FUNCTIONS 


J1 = CONSOLE J2 = SECOND SLU 


PIN 

SIGNAL 

FUNCTION 

•Ov 


1 

EXT CLK 

Input for an external SLU clock.^ 



2 

Ground 




o 

Xh1IT+ 

Transmitter output- 



4 

G r- •:« u n d 




5 

G r o u n d 




6 

NC 

Ke Y; pin not provided. 



7 

RCV- 

Receiver input (most negative). 



8 

RCV4- 

Receiver input (most positive). 



9 

G r o u n d 




10 

•^-12V 

Power for the DLVll-KA option. 

Fu5<?d 

at lA. 


If the DLVll-h3 

^ option is installed between the consol 

e SLU 

and the 


console terminal 7 Jumper J42-J43 must he removed and Jumper J42-J41 
in s t a 1 led. 

This pin must be un te rm i na ted if the DLV11-“KA option is not 
i n s t a 1 1 e'd . 

Console SLU Switch and Jumper Configurations 


Four switches of a 16—pin DIP switch pack (El 14) and four Jumpers provide 
user-selectable features associated with the operation of the console serial 
line unit- A Jumper is available to disable the console SLLL 
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Console SLU Baud Rates 


Su/i t ches 

1 

t h r o u g h 

4 of the 

S2 suite 

hi 

pack (El 14) select 1 of 16 

possible SLU 

baud rates 

if thie 

internal 

baud rate 

generator is used as the cl «:« c 

k s o u r* c e . If 

t hi e m o d u 1 

e 

is configured to 

operate 

the SLU with an external 

c 1 ij c k 7 t hi e 

positions 


of these switches 

are meaning1 ess. The SLU transmits and receives at 

the selected baud 

rate- Split baud 

o 

peration is not provided- 

The switch 

confisurati 

ons to 

select anv 

o n e o f 

the available baud rates are li 

sted in Table 

3-10 below: 







TABLE :: 

-10 - C 

ONSOLE SLU 

BAUD RATE 

SELECTION 


SWITCH 

PCI 

SITION 






S2-4 


S2-3 

CjO—C* 

S2-1 


BAUD RATE 


ON 


ON 

ON 

ON 


50 


ON 


ON 

ON 

OFF 


75 


ON 


ON 

OFF 

ON 


1 10 


ON 


ON 

OFF 

OFF 


i'll 

cn 


ON 


OFF 

ON 

ON 


150 


ON 


OFF 

ON 

OFF 


300 


ON 


OFF 

OFF 

ON 


600 


ON 


OFF 

OFF 

OFF 


1200 


OFF 


ON 

ON 

ON 


1800 


OFF 


ON 

ON 

OFF 


2C)0C) 


OFF 


ON 

OFF 

ON 


2400 


OFF 


ON 

OFF 

OFF 


3600 


OFF 


OFF 

ON 

ON 


4800 


OFF 


OFF 

ON 

OFF 


7200 


OFF 


OFF 

OFF 

ON 


960C> 


OFF 


OFF 

OFF 

OFF 


19,200 



As stated previouslvi the UART can be configured to operate at a baud rate that 
is generated externa11v. The baud rate is inputted to the module from the 
external device through connector Jli pin 1- The Jumper options are shown 
be 1ow. 


JUMPER RATE 


SELECTED 

BAUD 

FROM 

TO 

FUNCTION 

INTERNAL 

EXTERNAL 

J43 

J42 

Connects internal baud rate 
generator to the conso1e SLU 

UART (No rma1 c o n f i g u ra t i o n) 

I 

R 

J41 

J42 

C: c« n n e c t s e x t e T” n a 1 c 1 o c I-:; t o t hi e 

R 

I 
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Console SLU Character Formats 

Five ujire-ujrap stakes select options to establish the console SLU character 
format. The sround stake can be connected to anv combination of the other four 
stakes to configure the character format options. 

The folloujing tables Table S-ll^ describes houi to configure the character 
for ma t. 

TABLE 3-11 - CONSOLE SLU CHARACTER JUMPER CONFIGURATION 


JUMPER 

FROM TO J3S«-* CHARACTER FORMAT OPTION 

J39 IN 7-bit characters 

OUT S“bit characters 

J37 OUT Tujo s t o p b i t s 

IN One stop bit 

J36*»* IN Pari tv check enabled 

OUT Pari tv check disabled 

J40 IN Odd pari tv if «J36 is in 

OUT Even par i tv i f oJ36 is in 

* If 8-bit characters (J39 OUT) are selected? paritv check must be 
disabled (J36 OUT). 

J3S is the ground source for these functions. '*In'® means that a 
J umper connection is to be made to J3S. 


Break Halt Jumpers 

Two Jumpers enable and disable the Break Halt feature- If this feature is 
enabled? the detectiiinn of a break condition bv the console UART causes the 
processor to halt and enter the octal debugging technique (ODT) microcode. If 
this feature is disabled? there is no response to the break condition. Below is 
Table 3-12> which lists the Break Halt Jumper configurations. 
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TABLE 3 

-12 

- BREAK HALT JUMPER 

CONFIGURATION 

JUMPER 




BREAK FEATURE 

FROM 

TO 

FUNCTION 

ENABLED 

DISABLED 

J5 

J4 

C 0 n n e c t s g r o u n d 
to RQ HLT H. 

R-»- 

I* 

J3 

.J4 

Connects DLl FE H 
to RQ HLT H. 

I 

R 


* R = removed; I = installed 


Second SLU Suitch and Jumper Confisurations 


The second SLU is configured much the same as the console SLU^ except that a 
different set of switches and Jumpers are used to select the available SLU 
features. AISO 7 the Halt/Break Jumper is not present. Jumpers are also 
available to select the second SLU^ and to select the range of addresses/vectors 
to be used. The switch positions for the second SLU baud rates are listed in 
Table 3-13. 


TABLE 3-13 - SECOND SLU BAUD RATE SELECTION 

SWITCH POSITION 


S2-S 

S2-7 

S2-6 

S2-5 

BAUD RATE 

ON 

ON 

ON 

ON 

50 

ON 

ON 

ON 

OFF 

75 

ON 

ON 

OFF 

ON 

1 10 

ON 

ON 

OFF 

OFF 

134. 5 

ON 

OFF 

ON 

ON 

150 

ON 

OFF 

ON 

OFF 

300 

ON 

OFF 

OFF 

ON 

600 

ON 

OFF 

OFF 

OFF 

12:00 

OFF 

ON 

ON 

ON 

1SOO 

OFF 

ON 

ON 

OFF 

2000 

OFF 

ON 

OFF 

ON 

2400 

OFF 

ON 

OFF 

OFF 

:3600 

OFF 

OFF 

ON 

ON 

4800 

OFF 

OFF 

ON 

OFF 

7200 

OFF 

OFF 

OFF 

ON 

9600 

OFF 

OFF 

OFF 

OFF 

19 7 200 
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Th€* secorid SLU mav configured to operate at an externally generated baud 
rate« The baud rate is inputted to the module from the external device 
throfjcih J2, pin 1„ The Jumper options are: 


oJUMPER RATE 


SELECTED 

BAUD 

FROM 

TO 

FUNCTION 

INTERNAL 

EXTERNAL 

J46 

J45 

Connects internal baud rate 
generator to the second £.LU 
UART. (Norma1 configuration ) 

I 

R 

J44 

J45 

Connects external clock to the 
second SLU UART. 

R 

I 


Second SLU Character Formats 


Five wire—wrap stakes select options to establish the second SLU character 
format- The ground stake can be connected to any combination of the other- 
four stakes to configure the character format options- 

The Jumper stake functions are: 


JUMPER 




FROM 

TO J30 

CHARACTER FORMAT OPTION 

J31 

IN 

7—bit chara 

c t e r s 


OUT 

8 -bit chara 

c ter s 

J29 

OUT 

Two stop bits 


IN 

One stop it 


J28-«- 

IN 

Parity chec 

k e ri a b 1 e d 


OUT 

Parity chec 

k d i s a t« 1 e d 

J32 

IN 

Odd Parity- 

i f J2S is in 


OUT 

Even parity 

i f ._I23 is in 


^ If S-bit characters (J31 OUT) are selected, parity check must be 
disabled (J2S OUT). 

J30 is the ground source for these functions- “IN" means that a 
Jumper connection is to be made to J30- 


Boo t/Diagnos tic Switches and Jumpers 

A 16-piri DIP switch pack (E102) and two Jumpers on the 11/23+ CPU module 
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provide switch-selectable bootstrap arid diagnostic programs tor hard and 
floppy disks or the customer's own bootstrap program. The 11/23+ will have 
the functionality as described in the fo11owing~sections- only if 2K x 8-bit 
Diagnostic/Bootstrap ROMs are installed in sockets E126 and E127. 


Bootstrap/Diagnostic Configuration Switches 

Switches Sl-1 through Sl-4 are used to select a diagnostic and/or a bootstrap 
program. Switches SI—5 through SI-8 are used in conjunction with switches 
SI-3 and Sl-4 to select the specific bootstrap program desired. 


SI SWITCH 

CONFIGURATION 

FUNCTION 

1 

ON 

When on? execute CPU diagnostic 
upon power-up or restart 

2 

ON 

When on? execute memory diagnostic 
upon power-up or restart 


OFF 

When on7 select DECnet boot (Sl-4 
through .Sl-7 are argument s-i^-) 

4 

ON 

Select console test and dialogue 
(SI-3 OFF) 

W hi e n off? select t u r n h: e v b o o t dis¬ 
patched by SI—5 through SI—8 con¬ 
figuration (S1-3 OFF) 


^ DECnet boot arguments ares 


BOOT DEVICE^^ 

SWITCH 

S1 -4 

POSITIONS 
SI-5 

SI-6 

Sl-7 

DIJV11 

ON 

X 

X 

X 

DLVl1-E 

OFF 

ON 

X 

OFF 

DLVl1-F 

OFF 

ON 

X 

ON 

DLVll-E C 
DLVll-F CSR = 

SR = 775610 
776500 

DUVll C 

760010 

S R ~ 76 U k) 4 k) 
to 76Uk)!j:l6 

if no devices 


X 


B o n t care 



11/23+ niCROCOMPUTER PAGE 


All boots other than the above DECnet boots are controlled bv the bit 
patterns in the switches Sl~5 through Sl~8 or^f if the console test is 
selected? a mnemonic and unit number» The console test “prompts withs 

TESTING MEMORY 

XXXX.KW Where XXXX is the decimal multiple of 1024 words of RAM 

START? found in the svstem when sized from 0 up in 1024 word 

increments- The first word of each 1024 word segment is 
read? then written back into itself„ The sizing routine 
only sizes consecutive memory from location 0 and up. 

N0TE2 "Testing memory" is only printed if the memory 
test is selected? Turnkey mode is not selected and memory 
size is greater than 32 KW with memory management Present- 

Allowed responses are a two-character mnemonic with a one digit octal 
unit number (default 0) or one of two special sing1e—character mnemonics- 
The response rrsust be followed by a return? the special single-character 
mnemonics are s 


’Y' Use switch settings in Sl-5 through Sl-S to determine 

boot device 


OR -N-' 


HALT 

- Enter- M i c r o c 

:ode ODT 




"TURNKEY" 

BOOT: 

STRAP PROr 

5RAM : 

SELECTION 





SWITCHES 

91-5 

Si-6 

SI-7 

Sl-S 

PROGRAM 


MNEMONIC: 


OFF 

OFF 

OFF 

ON 

RK06 Bo 

o t 

DMn 

n<S 


OFF 

OFF 

ON 

ON 

RLOl or 

RL02 Boot 

DLn 

n<4 


OFF 

OFF 

ON 

ON 

TIJ5S (S 
77S500) 

LLI at 

Boot 

DDn 

n<2 


OFF 

ON 

OFF 

OFF 

RXOl Bo 

o t 

DXn 

n<2 


OFF 

ON 

ON 

OFF 

RX02 Bo 

ot 

DYn 

n<2 


Boot and Diagnostic ROM Jumpers 


Two 24~pin sockets (E126 and E127) are provided for the installation of 2 
ROMs or EPROMs- When EPROMs are inserted in the two ROM sockets? +5 
must be applied to pin 21 of each socket- For all other ROMs used in 
option? ROM address bit 13 (BTRA 13 H) must be applied to pin 21. Note 


V o 1 t s 
t h i s 
that 



11 723+ MICROCOMPLITER 


PAGE 


suppI ied 

devices may be 

either ROM or 

EPROM type 

JUMPER 


MEMORY 

TYPE 

FROM 

TO 

ROM 

EPROM 

J24 

J23 

I^ 

R^ 

J22 

J23 

R 

I 

I = 

Installed^ R = 

Re m 0 ve d 



Q-~Bus Backp] ane Jumpers 


Two soldered Jumpers must be installed when the 11/23+ is used in a bai: 
in which the Q-Bus (or Extended Q-Bus) is connected to both the AB 
rows. For d~Hi E»s i ns supplied backplanes of this tvpe include: H9270, 

and the DDV11~B- The Jumpers provide continuitv tor the interrupt acknc 
(BIAK) and direct memory access s»rant (BDkIG) Q~Bus signal s- 

JUMPER FUNCTION 

W1 Connects backplane pins CM2 and CN2 

providing continuity tor BIAK L 

W2 Connects backplane pins CR2 and CS2 

providing continuity tor BDMG L 


NOTE: It the KDFll-B is installed in a LSI~11/CD Backplane (H9273~A) 

and the Ui 1 and Ui2 J f.jmpers ar e i n ^ pin CM 1 is shorted to CN1 
and pin CRl is shorted to C31 on slot 2. Theretore> do 
not install peripherals in the slot immediately toll owing the 
KDFll-B it they use these lines. 


: k p 1 a n e 
and CD 
H9275, 
:iw1 edge 
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TABLE 

3»14 

- FACTORY JUMPER CONFIGURATION 

JUMPER 


JUMPER NAME 

JUMPER S 

TATE 

FUNCTION 

W1 


BIAK 

I 


Provides backplane continuit” 
for BIAK signal. Must be 
installed uihen a LSI*11/ 
LSI-11 backplane is used. 



BDMG 

I 


Provides backplane continuit 
for BDMG signal- Must be 
installed when a LSI-11/ 
LSI-11 backplane is used. 

JUMPER 

FROM 

TO 

JUMPER NAME 

JUMPER S 

TATE 

FUNCTION 

J22 

J ^ 

+5V 

R 


When EPROMs are used» Jumper 
J24 to J23 is removed and 
Jumper J22 to J23 is 
instal1ed o 

J24 

. 

BTRA 13 H 

I 


Connects ROM address bit 13 
to pin 21 of both ROM 
sockets (E126 to El27) 

J3 

J4 

DLl FE H 

R 


Enables BREAK HALT feature. 
The detection of a break 
condition bv the console SLU 
causes the processor to halt 
and enter ODT. 

J5 

J4 

DLl FE H 

R 


No halt on break. 

J6 

J7 

Master 

C1 o c k 

I 


Enables internal master 
c1o c k ? d o not remove. 

JS 

J9 

PHASE 

I 


Connects PHASE signal to Fll 
chip dock drivers? do not 

remove. 

J11 

JIO 

LTC ENBJ L 

R 


Allows BEVENT signal to 
request interrupts only if 
bit 6 in the Line Clock 
Register (777546) is set. 

J12 

JIO 

DL2 ADJR L 

R 


Selects the following device 


and vector addresses tor the 



11 / 23 + MICROCOMPUTER 


PAGE 


3-34 


second SLUo 


DEVICE ADDRESSES 


VECTOR ADDRESSES 


R L- -S R 7735 U Receive r 3* U U 

RBUF 776502 Transmitter 304 

XCSR 776504 
XBUF 776506 


J13 JIO 


J14 JIO 


J15 J10 


J16 . J1S 


J17 J1S 


J19 


J1S 


120 


J21 


DL2 DISJ L 

DLl DISJ L 

DEVIC 

RCSR 

RBUF 

XCSR 

XBUF 

BDK DISJ L 

TRAP OPJ L 

PUP CDOJ L 

PUP CDIJ L 

XTL H 


R 

R 

:;E ADDRESSES 

776560 

776562 

776564 

776566 

R 

R 

R 

I 

I 

R 


Enables the DL2 ADRJ L 
Jumper to determine the 
device and vector addresses 
tor the second SLU. 

Selects the following device 
and vector addresses for the 
console SLU- 

VECTOR ADDRESSES 

Receiver 060 

T ran smi11e r 064 


Enables boot/diagnost i c 
resis te r s 7 boo t/diagn o s t i c 
ROM s and the line cl I-:, 
register- 

Enter console ODT if the 
processor is executing a 
HALT instruction and the 
p r ocessor is in Ke rna 1 
m o d e - 

Pwe r — up c o d e B *:« t s t r- a p 

bit 0 Power—UP 

Power—UP code Mode 2 

bit 1 

Connects baud rate 
oscillator to the baud 
rate generator- Removed 
for manufacturing test 
o n 1 r - 

Console Loop-back test dis- 


J26 


RCV IN 
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ab 1ed. 

J27 

J26 

XMIT OUT 


I 

ij c» n n e c t s c c« n s c« 1 e SL .U o u t r u t 
t Ij the c o n s Ij 1 e SLL* c c* h ne c t «j r „ 

J28 

J30 

DL2 PARJ 

L 

R 

Disable second SLU character 
parit v check - 

oJ29 

J30 

DL2 STIJ 

L 

I 

Second SLU character contains 
one stop-bit. 

J31 

.J30 

DL2 CH7J 

L 

R 

Second SLU character contains 
S' ti i t s - 

J32 

.J30 

DL2 ODDJ 

L 

R 

Second SLU parity check dis¬ 
abled bv DL2 ODDJ L. 

J33 

J34 

DC0KC2B 1 

H 

R 

Installed only during manu- 
tacturing tes t i ng c 

J35 

J34 

LINITF (1) H 

I 

BINIT L clears console SLLL 

J36 

J3S 

DLI PARJ 

L 

R 

Disables console SLU char¬ 
acter parity check. 

J37 

J3S 

DLI STIJ 

L 


L- o n s o 1 e S L U c l"i a r* a c t e r" c o ri 
tains one stop bit. 

J39 

J33 

DLI CH7J 

L 

R 

C 0 n sole SLU c h a r a c t e r c i j n — 
tains B bits. 

J40 

J3S 

DLI ODDJ 

L 

R 

C Ij n s 0 1 e pa r i t y c h e c !•:; i s a ti 1 e d 

by DLI PARJ L. 

J41 

J42 

EXT CLK 

1 H 

R 

Disconnects EXT CLK 1 input 
f r- o m the c ci n sole E-L l_l. 

J43 

J42 

INT CLK 

1 H 

I 

Connects baud rate clock to 
the console SLU. 

J44 

J45 

EXT CLK2 

H 

R 

Disconnects EXT CLK2 input 
from the second SLU- 

J46 

J45 

INT CLK2 

H 

I 

Connects baud rate clock to 
the second SLU. 
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TABLE : 

SWITCH 

NUMBER 

1 


4 

5 

6 
7 

NOTE: 


15 ~ BOOTSTRAP/DIAGNOSTIC FACTORY SWITCH CONFIGURATI ON 

SI (E102) 

POSITION FUNCTION 

ON Execute CPU diasriostic upon poujer~up or 

restart 

ON Execute* Memorv Diagnostic upon poiuer— up 

or restart 

OFF DECnet boot disab 1ed 

ON Console test and dialogue Enabled 

OFF 

OFF 

ON RL01/RL02 Bootstrap Program selected 

OFF 

With the suntch configuration shown? the KDFll—B upon Power-Up 
or restart? will execute the CPU diagnostic? the Memory Diag¬ 
nostic and then enter the Console test. If the operator wishes 
to terminate the Memory diagnostic and immediately enter the 
Console test? the Control/C keys must be depressed on the 
console terminal- If the memory test is terminated before 
comp 1etion? some memory 1ocations mar have wrong paritv wri11en 
i n t o the rn. 
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TABLE 3-1/-. - SLLI BAUD RATE FACTORY SWITCH CONFIGURATION 


SWITCH S2 
NUMBER 

1 


4 

6 

7 


(E114) 

POSITION 

ON 

OFF 

OFF 

OFF 

ON 

OFF 

OFF 


FUNCTION 


Console SLU set for 9600 baud per Table 
3-10 


Second SLU set for 9600 baud per Table 
3-13 


OFF 




CHAPTER 4 


DC:40 POWER DRIVE 


INTRODUCTION 


The DC40 is the first of a family of high performance S-inch disk drives that 
incorporate applicabie elements of Winchester/Whitnev technologv. Unformatted 
storage capacity of the DC40 is 53-2 megabytes? with 26.6 megabytes in an 
ANSI-standard removable cartridge and 26.6 megabytes on a fixed medium- 


FIGURE 4-1 - DC40 BASIC COMPONENTS 


Read/Write Electronics 
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BASIC: components 

Basic components in the drive are shoiun in Figure 4-1. They consist of: 
^ Base Plate 

Spindle with integral spindle drive motor and fi::<ed disk 
^ Cartridge insertion and positioning mechanism 

^ Linear servo motor and cartridge assembly with read/write heads 
^ Re a d / W r- i t e e 1 e c t r n i c s 

* Se r V o Drive e 1 e c t r c* n i c s 

* Logic/SMD interface electronics 

^ Air cooling and filtration components 
^ Operator control switches and indicators 

PERFORMANCE CHARACTERISTICS 


The performance characteristics of the DC40 Disk Drive are shown in Table 4-1. 


TABLE 4-1 - PERFORMANCE CHARACTERISTICS 


Cartridge 
Fixed Disk 
Total 


CAPACITY 


Unformatted 
26.6 Mbytes 
26.6 Mbytes 
53.2 Mbytes 


Formatted 
21 Mbytes 
21 Mbytes 
42 Mbytes 


N u m b e r o f Ei i s k s 
Data S.urfaces 
Data Heads 
Servo 

Tracks per Surface 
Track Density 
Track Capacitv 


CONFIGURATION 

1 Fi::<ed^ 1 Removable (Cartridge) 

2 Fixed? 2 Removab1e 
4 (1 per surface) 

Embed de d 

644 

555 Tracks per Inch 
Unformatted: 20? 672 Bytes 
Fo r ma 11 e d : 16? .3S4 B v t e s 
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A c t u a t c» r 

Access Time (Seek and 


Averase Latenc y 
R otation Speed 
Data Transter Rate 
Start Time 
Stop Time 

Stop Time (Power off) 


Interface 

Re c o r din s Me t h o d 

Recordins Densitv 

FIux Densitv 

PHYSICAL DIMENSIONS 

Drive Heisht 

Width 
Depth 
Weisht 

Cartridse Heisht 

Width 
Depth 
Welsh t 
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PERFORMANCE 

Linear Voice-Coil Motor 
LatencY) 

Track to Track: 10 msec, 

Averase: 35 msec- 
Maximum: 55 msec- 
S.45 msec- 
3545 RPM 

1 a 229 MbYtes/sec. 

45 seconds 
15 seconds 
120 seconds 

READ/WRITE 

SMD 

WhitneY? 2-of-7 run lensth limit 
code 

10 ? 389 b i t s / i n c ti 

7259 f1ux-reversa1s/inch 


4,62 in 
8 ,55 i n 
14,00 in 
26 1 bs 
1. C) i n 
8.2 in 
8, 3 i n 
1.5 lbs 


(117,4mm) 
(217,1) 
(355.6mm) 
( ll.Sks) 

(25mm) 

(208mm) 
(211mm) 
(0.7ks ) 
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OPERATION 


Oper-ator Controls and Indicators 


The locations of the operator controls and indicators are shown in Fisure 4-2- 
All operator controls and indicators are on the front panel, A full operational 
description of these controls and indicators are eiven in Table 4-2- 


TABLE 4-2 “ CONTROLS AND INDICATORS 


CONTROL OR 
INDICATOR 


START/STOP 
Rocker Switch 


OPERATIONAL 

DESCRIPTION 

To initiate a spin-up and load heads sesuencins of 
the driven assuming the following conditions have 
been met- 

A- All proper DC power has been provided 
B. The cartridge is loaded 

Ce The cartridge door is closed and locked 
D- The head carriage is home? in its unloaded 
p o s i t i o n 

E. The local mode option is selected (if the 

remote option is selected? the hic« 1 d coritro 1 
line should be at a low logic level) 

Pressing the START switch energizes the spin motor 
and brings the disks up to normal speed? while a 
purge period is under wav. After the purge period 
the heads are loaded onto the disks and a seek 
to cylinder zero is performed- 

During the start seguence a resident set of 
diagnostics will have been executed. 

Drive Ready is achieved in 45 seconds and is 
indicated when the Ready indicator is lit. 

Pressing the STOP switch during the spin-up 
seguencing? or when the drive is Ready initiates 
head retract to the home position and spindle 
braking- This reguires approximately 15 seconds 
for the complete spin-down seguenee. When the 
LOAD indicator is lit? the cartridge may be 
removed. An automatic safety latch secures 
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WRITE PROTECT 
Rocker Switch 


POWER 

LED Indicator 
LOAD 

LED Indicator 
READY 

LED Indicator 

WRITE PROTECT 
LE'D I nd i cator 


the cartridge access door closed anv time the 
LOAD indicator is not lit. 

The START/.STOP suuitch a.ii 1 1 also clear a 
primary fault and initiate a reset procedure 
b Y ir v dins the switch from its •! u r rent 
position and then hack asain. See "ERROR 
CONDITIONS AND ACTIONS-" 

Allows the operator to place the drive's 
fixed media in read-on 1 y mode for file 
p r- o t e c t i o n purposes- P r e s s i n s this s w i t c hi 
will turn on or off the Write Protect 
indicator (towards indicators: on; awav 
from indicators: off). When the 
indicator is liti writins on the fixed 
dish: is i n h i b i t e d 7 and a n v c o rnma ri d t o 
write in the protected file will cause 
an error. To update fi.xed volume data 
the Write Protect indicator must be 
turned off 7 allowins both read ins and 
writins. 

The Write Protect switch will also clear 
a secondary type of device fault and 
initiate a recover v p r «:• c e d u r- e b v c v c 1 ins 
t hi e s w i t c hi from its c u r- rent p c« s i t i c« ri 
and then back asain. See "ERROR COND¬ 
ITIONS AND ACTIONS." 

Write Protect status for the removable 
cartridse is soverned bv a removable 
write enable t a h« n the t< a c k o f t hi e 
cartridse. When t hi e t a h« is r e m c« v e d 7 
writ i n s i ri the r e ni o va b 1 e v o 1 u rrie is 
i n hi i b i t ed . Anv c orriman d t write i ri t hie 
protected files will cause an error 
c o ri d i t i o n . 


Indicates that DC power is on. 

Indicates that drive is available 

for disk cartridse insertion or removal- 

Indicates that drive is ready to receive 
commands for data transfer to/from host. 

Indicates that fi;>::ed media has been 
write protected. 


PAGE 4-6 
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Note'S When anv of the indicators are flashine on and off^ an error 
condition code is beinsi indicated to the operator* Refer to 
section on error conditions and act ions- 


Operating Procedures 


The following procedures are for normal dav to dav use and should only b 
performed after installation and initial checkout has been performed* 


Power Up 


Apply power to disk system power supplies or with the optional DC power suppI 
place the ON/OFF switch to ON* Both the POWER and LOAD indicators should now b 


Star t/S.pi n-lJp 

1* Install disk cartridge as per the "CARTRIDGE INSTALLATION" 
procedure« 

2* Place START/STOP switch to start* The LOAD indicator will 

e ;< t i n g u i s h as the cartridge o o r is 1 o c k e d and the s p i ri mo t o r 
corr»es up to speed* 

SL Within 50 seconds the READY indicator should illuminate. If 
after 50 seconds the READY indicator is not lit? an error 
condition may exist? see the procedure on error conditions 
and actions- 

Write Protect 

1- Remove write tab from disk cartridge as shown in Figure 4—3. 

2. Perform Start/S p in-Up procedure. 

3- Place drive in Write Protect mode by depressing the WRITE PROTECT 
switch. The WRITE PROTECT indicator should now be lit. 

S' top/ S p i n—El c« w n 

1- Depress the b'TART/STOP switch to STOP. The READY indicator wil 1 
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extinguish as the spin motor spins doujn. After 10 seconds the spin 
motor should have stopped and the LOAD indicator illuminated- 

2o Remove the disk cartridge:, if desired-, as per the "Normal Cartridge 
Re rrio va 1 " p r o c e d u r e . Re me rri her the c a r t r- i d g e d o o r d o e s n o t u n 1 o c k 
until the LOAD indicator is lit. 

P o uj e r E* o uj n 

Remove power to the disk system power supplies or with optional DC power supply 
place the ON/OFF switch to OFF, All indicators should now be off. With no 
power present it is impossible to open the cartridge normally. See the 
"Emergency Cartridge Removal" procedure. 


Uartridge Handling and Storage 

When handling or storing the removable disk cartridge? shown in Figure 4—37 the 
following practices should be observed, 

1. Never manually trv to open the door to the air inlet and head port 
openings- 

2. Store the disk cartridge in its protective Jacket when not inserted 
in the drive. 

3. Avoid stacking the disk cartridges on one another. Cartridges can 
ti e s t •:« r- e d «:«ri e d g e «:«r- flat, 

4. When the cartridge is removed from its protective Jackets store the 
jacket in s u c h a wav as t«:» prevent dust f rrn c c« 1 1 e c t i n g inside. 

5. Disk cartridges should be stored in a cool? dry place and kept free 
of dust accumulations. Preferably stored in the same computer room 
or office as the drive or in an eguallv clean and temperate environ- 
me n t - 

6. Cartridges should be kept away from magnetic sources. Do not place 
cartridges on top of drive enc 1 osure or- near lI.RT displays. 

7. Keep cartridges out of direct sunlight and awav from sources of 
heat. 
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FIGURE 4-»3 - REMOVABLE DISK CARTRIDGE 


Door Open Sensor 



Opening 

Cartridse Stabilination 


The removable disk cartridse must be allowed to stabilize to the same 
temperature as the drive at least one hour prior to installation and use. In 
the event a cartridse is brousht in from a temperature environment sisnifican11 v 
colder than the operatins temperature^ below 60 desrees F (16 C)» the 
possibility of condensation in the cartridse exists* If condensation occurs, 
disk cartridses should not be used for at least 24 hours after all condensation 
disappears from the exterior surfaces. 


Error Condition Codes 

When any of the LED indicators are flash ins on and offy an error condition or 
fault has occurred. The indicators will be flashins repetitively a three disit 
hexadecimal code in the form FXX» where the hexadecimal disit F indicates the 
start of the strins and XX are the actual two disit hexadecimal error code. 
Table 4—3' contains all error codes and a description of each. 


Operator Actions 


There are two types of error conditions^ primary device faults and secondary 
device faults. The followins are a list of the required actions. 

1. To clear a secondary device fault and initiate a recovery. cycle 
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the WRITE PROTECT s in i t c h t r o m its current p o s i t i o n f o r o ne complete 
CYcle of the flashinsi lights^ and then back again. These faults 
can also be cleared and recovered bv issuing a fault clear command 
from the Contro11er. 

2. To clear a primary device fault and initiate a recovery^ cvcle the 
START/STOP suiitch from its current position and back again. 

3. If neither procedure seems successful or the problem persists? 
contact Your service representative. 

A list of all error codes and resuired operator actions are contained 

in Table 4-3. 


TABLE 4-3 - ERROR CONDITION CODES AND OPERATOR ACTIONS 


ERROR 

ERROR 

FAULT TYPE 

OPERATOR 

CODE 

DESCRIPTIONS 


P/S 

ACT IONS 


HARDWARE - Basic 




11 

No carriage return from terminal 

P 

? -J!* 

12 

Deadman timer too short 


P 

? O 

13 

Deadman timer too 1 ong 




14 

Write current unsafe 


P 

all 7 -2!' 

15 

Power unsafe test failed 


P 

xL ? -J!* 

16 

Not Used 




17 

Not Used 




IS 

Not Used 




19 

Not Used 




1 A 

Not Used 




IB 

Not Used 




IC 

Down 1oad checksum error 


P 

xL ? 

ID 

Not Used 




IE 

Not Used 





HARDWARE - Control 




21 

Not Used 




2*2* 

il' a n n o t f i n d s y n c 


P 

xi ? O 


SerVc« field err-«:«r- 


i~i 

1 ? 2 ? 3 

24 

Not Used 




2*5 

N o i n d e 


S: 

1 ? 2 ? 

26 

Write gate fault 2 


S 

1 ? 2 ? 3 

27 

Write gate fault 1 



1 ? 2 ? • 

2y 

A c t«j a 1 0 r current d e t e c t e d 


P 

2? 3 

29 

Hardware fault 


P 

xl ? -J' 

2 A 

Actuator command wit hi n o 


5' 

1 ? ol^ ? • 


command in 




2B 

No offset directed? but have 


s 

1 ? 2 ? • 
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2C 

2D 

2E 


31 


34 

35 

36 


3A 

3B 


3C 

3D 

3E 


41 

42 

43 

44 

45 

46 

47 
43 
49 
4A 
4B 
40 
4D 
4E 


c orriman d 

Have detected faults but no 
tau 1 t 
Not Used 
Not Used 

Operator Actions to be taken in 
or der one at a time s 

1. Toggle WRITE PROTECT smitch 

2. Toggle START/STOP switch 

3- Contact Service Representative 


SPIN 

Will not s pin u p P 

S p i n n i ri g in wrong d i r e c t i o n P 

Spin UP too slow P 

Not Used 
Not Used 

Trving to spin-up when not stopped P 


Not Used 
Not Used 
Not Used 
Not Used 

Spin down too si c*w P 

Not spinning for Hall test P 

Spin tc«o si ow F’ 

S p i n t o o f a s t P 

ACTUATOR 

Heads not unloaded P 

Heads retracted during normal P 

operation 

Heads did not load P 

No spin for loading Heads P 

Heads did not load - emergencY P 

retract 

Heads not loaded P 


Not Used 
Not Used 
Not Used 
N o t Li s e d 
N«:«t l_l s e d 
Not Used 
Not Used 
Not Used 

Operator Actions to be taken in 
order one at a time » 



^ 11 s-« 
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1. Toggle WRITE PROTECT switch 

2. Toggle START/STOP switch 

3. Contact Service Representative 



SERVO 



51 

No e rt d c o n r s i o n ADC: 

P 

j'JL 7 -JT* 

52 

A/D out of tolerance 

P 

y* f 

53 

D/A out of tolerance 

P 

yL 7 

54 

Off track-position 

C: 

1 72 

7 - .r* 

55 

ij f f t ra c ~a d d r e s s 

S 

1 7 2 

7 

56 

Not Used 



57 

Not Used 



58 

Not Used 



59 

Not Used 



5A 

Not Used 



5B 

D/A to A/D disagree 

P 

2 7 3 

5C 

Seek error - did not arrive 

c* 

1,2,3 


at target 



5D 

Seek duration too long 


1 7 2 

7 O 

5E 

Seek retry ~ too many 

S 

1 7 2 7 3 


MISCELLANEOUS 



61 

So f tware in te r c u p t 

F' 

2 7 - JI 


62 

Power unsafe interrupt 

P 

2, C 


63 

ICF interrupt 

P 

all 7 -2 


64 

OOF interrupt 

P 

xL •* -Z 


65 

TOF interrupt 

P 

xi "> -Z 


66 

T e rmina1 interrupt 

P 

2 7 • “ 


67 

NMI interrupt 

P 

Xi. 7 


63 

Door- swi tch c 1 osed when 

P 

2 7 > 



s 0 1 e n c« i d energize d 



69 

D o «:• r o pe n e d d u ring n o r ma 1 

P 

2 7 z'^ 


operation 



6A 

Not enough cylinders in inner- 

P 

xZ 7 •-» 


guard band 



6B 

Not enough cr1 inders in outer 

P 

xL 7 -J!' 


guard hand 



60 

Not Used 



6D 

Not Used 



6E 

Not Used 




Operator Actions to he taken in 




order one at a timec 




1. Toggle WRITE PROTECT switch 




2. Toggle START/STOP switch 




3. Contact Service Representative 

OPERATOR and SMD INTERFACE 
71 Data parameter entrv error (kevhd) 


1 
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72 Cartridse not in place 

73 Do o r not closed p r c« pe r 1 r 

74 Cvlinder request over rans»e 

75 Not Used 

76 Seek attempted iiihen not ready? 

not on cylinder? seek error 
or fault 

77 Both rev. and fu^d. offset received 

7S Invalid user c oinman d 

79 Tasi~2 received u/hen not ready 

7A Not Used 

7B Not Used 

7C Not Used 

7D Not Used 

7E Not Used 

Operator Actions to be taken in 
order one at a time. 

1. Tosistle WRITE PROTECT switch 

2. Toggle START/STOP switch 

3. Contact Service Representative 


Environmental Considerations 

Both the Model DC40 and Cartridge have been designed to operate in a computer 
room or typical office environment. Table 4-4 summarizes the required 
environmental conditions- 

TABLE 4-4 - ENVIRONMENTAL CONSIDERATIONS 


TEMPERATURE 

Operating Drives 50 to 104 F (10 to 40 C) with maximum gradient 

of less than 2 F (1 C) per minute? not to 
e:::;ceed IS F (1 C ) per hiour-. 

Non-Operating Drives —40 to 140 F (—40 to 60 C) 

Cartridge Storages 0 to 115 F (-18 to 46 C) 

Notes Cartridges must be allowed to stabilize 
to the same temperature environment as the drive 
for at least one hour prior to installation and 
use. 


P 

P 



RELATIVE HUMIDITY 
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Ope rating Drive: 

20 10 

8 0 /«, 

non-condensing 

Non-Operating Drive: 

5 t o 

957., 

r 1 o ri — c o n d e n s i n g 

Cartridge Storage: 

5 to 

957., 

n 0 n — c Cl n d e n s i n g 


Operati ns Drive: 
Non-Operati ns Drive • 
C: a r t r i d s e S: t c« r a g e : 


ALTITUDE 

17 GOO feet (300 m) be 1 oiu sea level to 
10,000 feet (3 km) above sea level 
1,000 feet ( 3C)0 m ) be 1 ouj sea level t ci 
40,000 feet (12-2 krn) above sea level 
Same as Non-Operat i nsi Drive. 


Power Requirements 

The DC power suppI v used must be capable of delivering the following DC 
voltages. Table 4-5, within the specifications provided for each at the JIO 
d r- i ve c o n n e c t o r . 


TABLE 4-5 - DC POWER REQUIREMENTS 


VOLTAGE INPUT TOLERANCE 


•+•5 V 
-5.2 V 
-12 V 
+24V 


@ 25 C 
+ /- 47. 
4-/- 47. 
+ /- 57. 
+ /- S7 


REGULATION 
OVERLOAD RANGE 

+ /- 0.87. 


+ /- 27 
+ /- 27. 


CURRENTS 

MIN 

3 A 


LOAD 

MAX 

4A 

2A 

2. 5A 
4. 5 A 


1.5A 
0, 3 A 
0. 1 5 A 


Interface Cables and Connectors 


The DC40 uses an industry standard SMD interface, consisting of two flat ribbon 
cables. The "A“ cable, 60 lines, contains all the control signals and the "B" 
cable, 26 lines, contains all the read/write signals- The pin assignments for 
each cable are listed in Table 4-6 and the general characteristics are given in 
Table 4-7. 
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TABLE 4-6 - SMD INTERFACE CABLE PIN ASSIGNMENTS, A CABLE 


SIGNAL 

NAME 


DIRECTION OF SIGNAL BALANCED SIGNAL - NOTES 

CONTROLLER DRIVE PINS 


Tae 1 

Tas 2 — 

Tag 3 

Bit 0 “ 

Bit 1 

Bit 2 

Bit 3 

Bit 4 

Bit 5 

Bit 6 

Bit 7 

Bit 8 

Bit 9 

Open Cable 
Detect — 

Fau1t — 

Seek Error — 

On CyI inder —- 

Index — 

Unit Readv -- 

Address Mark 
Found — 

Busy — 

Unit Select Tag — 

Unit Select 2 — 

Unit Select 2 -- 

Sector — 

Unit Select 2 

Unit Select 2 

Write Protected — 
Pick 
Ho 1 d 

Not Used 



10, 40 
11,41 
12, 42 
13,43 


14, 44 

15, 45 
16,46 

17, 47 

18, 48 
19,49 

20, 50 
21,51 


24, 54 
x5,55 
26,56 
27, 57 


2V 



4 


NOTES: 


1- A1 wars logic zero if unit selected 

2- Daisr chained signal, not generated 

3. Not balanced signal, daisr chained not interpreted 
4- Not balanced signal 


Ground ---—--— 1 

2-* e r V c> Clock -— - - * 2' , 14 

Ground ---—-—*-- 15 

Read Data ----- 3, 16 

Ground —■———— - 4 

Read Clock ---— -- 5,17 
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G r o u n d ----—■— 1 S 

Write C1 o c k -*- 6 19 

Ground ----—=— 7 

Write Data ——•—•— ---- 8^20 

Ground ~—-- 21 

Unit Select —------— 22u 9 

8eek End — 10? 23 

Ground --—'— 11 

Index - 12? 14 

Ground ~^— —.— 25 

Sector ---—--26 

TABLE 4-7 - SMD CABLE CHARACTERISTICS 

A CABLE Tvpe: 30 Pair? Flat Cable 


Twists Per Inch: 2 
Impedance: 100+/-10 0h m s 
Wire Size: 28 AWG? 7 Strands 
Propagation Time: 1-6 to 1.8 nsec-/ft- 
Maxirrium Cable Length: 100 ft. cumulative 
Voltage Rating: 300 V rms 

B CABLE Type: 26 Conductor? Flat Cable with Ground 
Plane and Drain Wire 
Impedance: 65 Ohms 
Wire Size: 28 AWG? 7 Strands 
Propagation Time: 1.5 to 1.8 nsec-/ft. 

Maximum Cab 1e Le ng th: 50 ft- 
Voltage Rating: 300 V rms 


iZ:«:«Tf f i g u r a t i o n s 


When using the Daisv-Chained disk system only one drive in the chain (usually 
the last drive) is allowed to have A cable signal terminators- This reauires 
t hi a t f o u r 16 pin E» IP resist o r pa. c k s t« e re rn o ve d f r- o m t hi e i r s o c h: e t s o ri the base PC: 
board of each drive in the chain e::<cept for one- If e;:<ternal terminators are to 
be used the internal resistor packs must be removed. 


The following procedure lists the steps necessary to remove the terminator- 
resistor packs (refer to Figure 4-6). 

CAUTION: This procedure should only be performed bv trained service 

pe r s o n ne 1 - 

1. Disconnect all power and interface cables from the drive. 
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2. Remove the six sereins (three on a side) along the bottom of the 
unit that secures the base PC board to the drive* 

3. Lower the PC board from the drive disconnecting the inter-board 
ribbon cable and ground wire- Caution must be used since 
components can be damaged bv electrostatic discharge- 

4» Remove the four 16-pin resistor packs? shown in Figure 4-6^ from 
their DIP sockets. Use an IC extractor if available. Save 
resistor packs for possible future use. 

NOTEs The internal Jumper options should be set at this time- 

5. Replace inter-board ribbon cable and ground wire. 

6c £*'ecure the base PC board back on the bottom of the drive using the 
six removed screws- 

Repeat procedure for all required drives- 

FIGURE 4-4 - DAISY CHAINED INTERFACE CONFIGURATION 


DAISY CHAINED SYSTEM 
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U nit Address Select!e n 


T hi e 1 o g i c a. 1 unit a d d r e s s is set f c« r- each «.-i i s !•:: drive b v s e 1 e c t i n s«' the proper 
switch setting for the DIP switch block that resides behind the operator control 
panel on the base PC board. See Figure 4—5. To gain access to these switches^ 
Just flip the control panel up. A list of possible addresses and their settings 
are given in Table 4~S. 


TABLE 4“ 


UNIT ADDRESS SWITCH SETTINGS 


LOGICAL UNIT ADDRESS BITS 


SWITCHES 


ADDRESS 

2 

2 

2 

jCL 

1 


O 

4 

0 

0 

0 

0 

0 

ON 

ON 

ON 

ON 

1 

0 

0 

0 

1 

ON 

ON 

ON 

OFF 


0 

0 

1 

0 

ON 

ON 

OFF 

ON 

'1' 

0 

0 

1 

1 

ON 

ON 

OFF 

OFF 

4 

0 

1 

C) 

(J 

ON 

OFF 

ON 

ON 

5 

0 

1 

0 

1 

ON 

OFF 

ON 

OFF 

6 

0 

1 

1 

C) 

ON 

OFF 

OFF 

ON 

7 

0 

1 

1 

1 

ON 

OFF 

OFF 

OFF 

8 

1 

0 

0 

0 

OFF 

ON 

ON 

ON 

'V 

1 

0 

0 

1 

OFF 

ON 

ON 

OFF 

10 

1 

0 

1 

0 

OFF 

ON 

OFF 

ON 

11 

1 

0 

1 

1 

OFF 

ON 

OFF 

OFF 

12 

1 

1 

C) 

0 

OFF 

OFF 

ON 

ON 

13 

1 

1 

0 

1 

OFF 

OFF 

ON 

OFF 

14 

1 

1 

1 

0 

OFF 

OFF 

OFF 

ON 

15 

1 

1 

1 

1 

OFF 

OFF 

OFF 

OFF 

the t w o o t h e r- 

swi t 

c h e s 

7 s w i t 

ch 6 

i s n 0 1 

used and 

s w i t 


is f o r- 


the r e Hi o t e 


s p i n — J j p o p t i n . 


See Table 4~"y. 


Internal -Jumpe r 0 p t i on Se lection 


Several user selectable Jumper options exist on the base PC board. A list of 
the Internal Jumpers is contained in Table 4-9. 

The following procedure lists the reauired steps to select the appropriate 
J umper options. 
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CAUTIONS This procedure should only he performed by trained service 
personne1« 

1» Disconnect all pou/er and interface cables from the drive* 

2« Remove the six screws (three on a side) along the bottom of the 
unit that secures the base PC hoard to the drive. 

3« Lower the PC board from the driven disconnecting the inter-board 
ribbon cable and ground wire- Caution must be used since 
components can be damaged by electostatic discharge. 

4« Select proper Jumiper options by referring to Table 4-9. 

5. Replace inter-board ribbon cable and ground wire. 

6* Secure base PC board back to bottom of drive using the six removed 
screws. 


TABLE 4-9 - INTERNAL JUMPER OPTIONS 

DESCRIPTION BOARD 

LOCATIONS 

S5 Remote Spin-U p Switch 





B1 ock 

Z1 

Read 

Driver Enable 

A7 

Z2 

Read 

Clock Polari tv 

A7 

Z6 

y* e e k 

0 n H e a. d C h a n g e 

Ell 


Z7 Interface Servo J5 

L-1 c« c k S c« u r c e 

Z9 External ROM MID 

Emu labor 


SETTINGS FACTORY 

DEFAULT 

Ijps Local Spin-Up 

Down" Remote Spin-Up X 

For Maintenance Only 

1^2“ Normal 

2:y3^ Inverse X 

G: Automatic Seek On 
Head Change 

S s Se e k C omman d Reg u i r-e d 

After Head Change X 

17 2 s F r e g u e n c y L o c k e d 

Cl ock 

2 7 3 s ;E:e r vo F i e 1 C1 o c !•:: X 

For Maintenance Only 
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D L- F’ Cl ID 0 r- L- ^ b 1 0 5 L ri d L’ o n n 0 c ir ci r* 


I-f the ciptional DC podier suppIy is not being used-, make 
consists of eight single wires, IS AWG, and the cable 
Series or equivalent female connector. See Table 4-10 
assignments. 


s LI re the DC s u pp 1 
c n n n 0 c t o r- i s a Mo 1 0 >•; 
for th0 JIO DC PoiLior 


cab 1 0 
2139 
p i ri 


FIGURE 4-5 - BASE PCB, INTERNAL JUMPER LOCATIONS 
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TABLE 4-10 - 

JIO POWER PIN ASSIGNMENT 

PIN NUMBER 

USAGE 

1 

+24 V 

2 

G r «j u n d 

o 

G r 0 u n d 

4 

-12 V 

5 

Ground 

6 

-5 V 

7 

G r- o u n d 

8 

+5 V 


GROUNDING 


To ensure reliable operation-? a s»ood DC around should exist between all drives 
and the controller or corriputer svsterru Using a low impedance braided cables 
connect all the drives in the disk svstem together with the svstem ground* If 
optional DC power supplies are being used^ they too should be connected to this 
g r o u n d. 


INITIAL CHECKOUT AND START UP 


The following procedure is used to make the initial power application to the 
DC40 Power Drive- This procedure assumes that the preceding procedures ar«d 
requirements of this section have been performed- 

1- Ensure the svstem AC power circuit breaker is off- 


2« Verify the START/STOP rocker switch is in the off position- 

3- Install the DC power cable from the DC power supply to the JIO 
c' o n Pf e c t o r- at r e a r of drive ( c o n n e c t c« r- n o t k e y e d ) . 

4 - IJ «:• n n e c t the A and B i ri t e r- f a «i e c a 1 e s a c «i r i n g t the d i s !•:; 
s 'V s t e n-f c o n f i g u r a t i o n - 

5. Turn on the subsystem AC power circuit breaker- 

6- Turn on system power switch. The POWER and LOAD indicators 

should be illuminated- The WRITE PROTECT indicator mar be on? 
depending on the position of the WRITE PROTECT rocker switch. 
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7. Insert a disk cartridse into the disk drive. As the cartrid9e 
door closes^ an audible "clunk" should he heard tuhen the 
cartridge seats on the spindle. 

S. Position the START/STGP switch to S*TART. The spin — up sequence 
is initiated: the spindle should begin to rotate^ the load 

indicator extinguishes and the cartridge door locks. 

9. Ensure that disk is operating normal 1 y 7 and no error- 
messages occur. 
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OPTIONS 

The items in Table 4””11 are accessories to the DC40 Pomer Drive. 
TABLE 4-11 - OPTIONS 


DESCRIPTION 


PART NUMBER 


Removab1e Cartridae 
DC40 Potuer Su fp 1 y 120 VAC 
DC40 Pou/e r Su p p 1 y 220 VAC 
Cab1e ^ Po we r Su pp 1v t o Dr i ve 
CooliriB Fan Assemblv? 120 VAC 
Coo1ing Fan Assemb1v> 220 VAC 
SMDMControl '’A" Cable 
SMD R/W ••B" Cable 


C) 8 2 - C) C)775- 00 1 
101-00150-001 
107-01074-001 
102 - 0049 & - 0 01 
107-01067-007 
107-01067-00S 
102-00147-OXX^ 
102-0014S-0 X X 


*Last two digits denote cable length 


CABLE LENGTH 2 4 6 S 10 15 20 25 30 35 40 50 

(in feet) 

"A" Cable 01 02 03 04 05 06 07 08 09 10 11 12 

(Radial) 

102-00147-OXX 


"A*' Cable 31 32 33 34 

(w/DaiSY Chain 
C * j n n e c t o r ) 

102-00147-0XX 


•'B“ Cable 
102-00148-OXX 


()2’ 


n.'r; 


36 37 38 39 40 41 42 


06 07 08 


1 1 12 


01 


04 


05 


09 10 





CHAPTER 5 


CQ06 DISK CONTROLLER 


INTRODUCTION 


Described in this manual is the insta1 1 ation 7 operation! prosrammins! 
troubleshooting! and theory of operation for the Ford~Higgins Ltd- CQ06 Disk 
Controller, The controller interfaces the 11/23+ computer to one or tiuo SND I/O 
disk drives! including S— and 14—inch Winchester! SND pack and CND cartridge 
tvpe drives. The entire contoller occupies one auad module in the backplane. 
Full sector buffering in the contoller matches the transfer rate of the disk 
drive and the CPU, The controller is compatible luith RK06/RK07 software drivers 
in RT-ll! RSX- 11 , and RSTS/E. 


CONTROLLER CHARACTERISTICS 


The CQOS Disk Controller links the 11/2:5+ computer to one or two disk storage 
units. The controller receives and interprets commands from the computer and 
translates them into a form compatible with the disk- Buffering and signal 
timing for data transfers between the computer and the disks are also handled bv 
the c •:« n t r •1 1 e r . 


The sequence and t i m i ri g of the c o n t r- ci 1 1 e r is a m i c r o p r o c e s s o r*. T hi e c o ri t r o 1 
information is stored as firmware instructions in read —on 1v-memorv (ROM) on the 
controller board- A diagnostic program contained in the ROM tests the 
functional operation of the controller. This self-test is performed 
automatica11v each time power is applied, A green light on the control board 
in«di cates if the self — test is successful. 


Data is transferred directly to and from the computer memory using the DMA 

facility of the 11/2:5+ Q—Bus. The controller monitors the status of the disk 
units and the data being transferred and supplies this information to the 

c o m p u t e r upon request. A ri e r r o r c o r r e c t i o n c ci d e w i t hi a 56—b it c hi e c k w •:« r d 

corrects error bursts up to 11-bits- To compensate for media errors? bad 

sectors are skipped and alternates assigned- There is also an automatic retry 
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feature for read errors- The controller is capable of addressing up to f 
megabytes and controlling up to tmo disk drives in various configurations up 
a total on-line formatted capacity of 220-32 megabytes- Figure 5-1 is 
simplified diagram of a disk system- 



o u r 
t o 
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FIGURE 5-1 - DISK CONTROLLER SYSTEM DIAGRAM 



ll/23-»“ Q-E^us Interface 

CofTiman ds ? data and status transfers betu/een the controller and the computer are 
executed via the parallel I/O bus (Q-bus) of the computer.. Data transfers are 
direct to memorv via the DMA facility of the Q-busI commands and status are 
under programmed I/O. Control 1er/Q~bus interface lines are listed in Table 5-1. 

TABLE 5-1 - CONTROLLER/Q-BUS INTERFACE LINES 

CONTROLLER 

INPUT/ 


BUS PIN 


MNEMONIC 

OUTPUT 

DESCRIPTION 

AC:2, AJl. 
BJl^BMl, 
C:C2,CJ1, 
El L- 2 > El U1 t 

AMI,ATI, 
BTl,BC2, 
CMl,CTl, 
DM1,DTI 

GND 

0 

Signal Ground and DC return. 

ANl 


BDMR L 

0 

Direct Memory Access (DMA) 
request from controllers 
ac t i ve 1 ou/o 

API 


BHALT L 

N/A 

Stops program execution. 
Refresh and DMA is enabled- 
C:oris 0 1 e operation is enabled- 

ARl 


BREF L 

N/A 

M e iTi ij r Y R e f r e s I’l - 
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BAl 

BDCOK H 

I 

DC p 0 uje r o k . All DC vo 1 tas?e s 
are normal. 

BBl 

BPOK H 

N/A 

F' r i m a r y p o uj e i' k . When 1 o lu 

activates power tail trap 

s e a u e ri c e . 

BNl 

BSACK L 

C) 

Se 1 ec t Ac kn ow 1 e dse . I n ter 

1 0 c k e d w i t h BTiMGiJ i n d i ca t i n s 
controller is bus master in a 
DMA sequence. 

BRl 

BEVNT L 

0 

External Event Interrupt Re- 
a IJ e s t. Real Time C: 1 o c k C o n - 
t r o 1 . 

AA2,BA2^ BVl,CA2, 
DA2 

+■5 

I 

+5 volt SYS tern power. 

AD2,BD2 

+ 12 

N/A 

+ 12 V o 1 t s v s t e (Tt power. 

AE2 

BDOUT L 

I/O 

Data Uut. Va1 id data from bus 
master is on the bus. Inter¬ 
locked with BRPLY. 

AF2 

BRPLY L 

I/O 

R e p 1 Y t r 0 rri slave t o B Ei 0 Li T cr r 
BDIN and during lAK. 

AH2 

BDIN L 

I/O 

Data Input. Input transfer to 
master (states master is read 
f «:• r data). I ri t e r-1 o c I-:; e d wit l"i 
BRPLY. 

AJ2 

BSYNC L 

I/O 

S Y' n c r n i z e s t« e c o rri e s active 
when master places address on 
bus? s t aY s active during 
transfer. 

AK2 

BWTBT L 

I/O 

Write Bvte: indicates output 
seguerice to foil ow ( EiAT0 or 
DATOB) or marks bvte address 
time d u ring a DATOB. 

AAl,ABl,AL2,BPl 

BIRQ4L,5, 
6.7 

fi 

I n t e r r u p t R e a u e s t. 

AN2 

BIAKII L 

I 

Serial Interrupt Acknowledge 

AN2 

BIAKIO L 

ij 

i rr put a n • j o u t p u t 1 i ri e s r- o u t e d 

CM2 

BIAK2I L 

I 

f r-«:«m Q—B u s ? t h r o u g I'l d e v i c e s •> 


a. n d 
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CN2 


BIAK20 L 

0 

a c k t o p r o cess o r- t o e s t a h« 1 is hi 
and 1 ri t e r r- u p t p r- i •:» r i t c h a i n » 

AT2 


BINIT L 

I 

Initialize. C1 e a r s d e v i c e s o ri 
I/O bus. 

AU2,AV2,BE2, 

BF2 7 

BDALO L 



BH2,BH2,BK2, 

BL2 7 

through 

I/O 

Data/address lines^ 0~15 

BM2,BN2,BP2, 

BR2 7 

BDAL15 L 



BS2, BT2, BIJ2, 

BV2 




AR2 


BDMGII L 

I 

DMA Grant Input and Output- 

AS2 


BDMGIO L 

0 

Se r- i aJ DMA pr i o r i t t' line f r om 

L.'R2 


BDMG2I L 

I 

computer7 through devices and 

CS2 


BDMG2CI L 


b a c k t o c o rn p u t e r. 

AP2 


BBS? L 

I 

Bank 7 Select- Asserted by bus 
master when address i n u p pe r 4k 
bank is placed on the bus. 

ACl,ADI,BCl, 

BDl 7 

BDAL 16 L 

0 

Extended Address Bits 16-21« 

BEl,BFl 


-BDAL 21 L 




I nt<=frrupt 

The interrupt vector address is factorv-set to address 210 (or 254). The vector- 
address is prosrammed in a PROM on the controller7 allowing user selection. 
Interrupt requests are g e n e r- a t e under the following c o n i t i c« n s s 

1. W hi e n t hi e C o n t r- c« 1 1 e r Read v' bit is set u p c« n c o rn p 1 e t i o n «:«f a c o miiia ri d « 

2. When anv drive sets an associated Attention Flag in the Attention 
Register and the Controller Ready bit is set. 

3. When the controller or anv drive indicates the presence of an error 
by setting the combined Error/Reset bit in the Control and Status 
Register. 

4. When the Controller Ready bit is set by conventional initialization 
u pn comp 1 e t i o n o f a c on t r o 1 1 er c omman d o r whie n an er-r o r •! o rni i t i «:• n 
is detected. A forced interrupt mav be generated by the 
Controller Ready and Interrupt Enable bits for test purposes. 
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D i s I ri t e r- f a c e 


T h c: o n t r ci 1 1 e r • i ri t e r- f a c e s o n e o r t u.j o d i s k drives th r o u s h 60— a n d 26— r i n c ^.b 1 es , 
If tojo drives are used:» the 60—Pin control cable ("A’' cable) is da i s v-c ha i ne d to 
drive O and 1. The 26-pin cables (“B" cable) are connected separately from the 
controller to each drive. The maximum length of the 60-pin cable is 100 feet- 
The maximum length of the 26-pin cable is 50 feet. Table 5-2 lists the 60-pin 
interface signals? and Table 5-3 lists the 26-pin interface signals. 


TABLE 5-2 - CONTROLLER TO DRIVE I/O INTERFACE: '•A" CABLE 



PIN 

POLARITY 




SIGNAL NAME 

(ACTIVE) 




(FHL TERM) 

— 

+ 

:E 

OURCE 


Device Selent 0 (USELO) 

23 

53 


0 n t r- 0 1 1 e r- 

Device Se1e c t 1 (USEL1) 

24 

54 


0 n t r Cl 1 1 e r 

Dev ice Se 1 e c t 2 (I.JSEL2 ) 

26 

56 

i~ 

Cl n t r- Cl 1 1 e r- 

Device Select 3 (USEL3) 

27 

57 

L 

0 n t r 0 1 1 e r 

Se1ect Enab1e (USTAG) 

22 

52 

i“ 

0 n t r* 0 1 1 e r 

Set CY1 inder Tag (TAG1) 

1 

31 

i“ 

0 n t r 0 1 

1 er 

Set Head Tag (TAG2) 

2 

3 2 

i“ 

0 n t r* 0 1 

1 er 

C: c« n i" r o 1 Sel e c t ( T AG3 ) 

-z> 


j” 

0 n t r 01 

1 er 

Bus Out 0 (BITO) 

4 

34 

I- 

0 n t r 0 1 

ler 

Bus Out 1 (BITl) 

5 

cr 

•JI* 

i“ 

0 n t r Cl 1 

1 er 

Bus Out 2 (BIT2) 

6 

36 


0 n t r- 0 1 

1 er 

Bus Out 3 (BITS) 

7 

37 

r 

c« n t r 0 1 

ler 

Bus Out 4 (BIT4) 

s 

38 

I- 

0 n t r 0 1 

1 er 

Bus Out 5 (BIT5) 

y 

2 .'9 

i”* 

Cl ri t r 0 1 

1 e r 

Bus Out 6 (BIT6) 

10 

40 

i~* 

0 n t r 0 1 

1 e r 

Bus Out 7 (BIT?) 

1 1 

41 

C 

0 n t r- 0 1 

1 er 

Bus Out 8 (BITS) 

12 

42 

j~ 

0 n t r- 0 1 

1 er 

Bus Out 9 (BITS) 

13 

43 

1 “ 

c« n t r 0 1 

1 er 

Bus Out 10 (BITIO) 

30 

60 

C 

0 n t r- 0 1 

1 er 

Device Enab1e (OCD) 

14 

44 

1 “ 

Cl n t r 0 1 

1 er 

Index (INDEX) 

18 

48 

Dr i ve 


Sector Mark (SEC) 

••"icr 

55 

Dr i ve 


Fault (FAULT) 

15 

45 

Dr i ve 


Seek Error (SERR) 

16 

46 

Dr i ve 


i J n C v 1 i n d e r ( 0 N C Y L ) 

17 

47 

Dr i ve 


Unit Ready (UNRDY) 

19 

49 

Dr i ve 


Write Protected (WPRT) 

28 

58 

Dr i ve 


Address Mark (AMP) 

20 

50 

Dr i ve 


Bus-Dual-Port Only 

21 

51 

Dr i ve 


•Sea ue Tf ce I ri (PI L K ) 

29 


C 

:cintrol 

1 er 

Hoid (HOLD) 

59 


f 

: C.I n t r 01 

1 er 
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TABLE 5-3 - CONTROLLER 

TO DRIVE I/O 

INTERFACES 

CABLE 


PIN POLARITY 



SIGNAL 

(ACTIVE) 



(FHL TERM) 

- + G 

ROUND 

SOURCE 

G r »j u ri d 

S e r v o C: 1 c* c k ( S C L 0 C K ) 

2 14 

1 

Dr i ve 

G r o u n d 

Read Data (RDATA) 

3 16 

15 

Dr i ve 

G r o u n d 


4 


Read Clock (RCLOCK) 

G r* o u n d 

5 17 

IS 

Dr i ve 

Write Clock (WCLOCK) 

G r«:«u n d 

6 1 9 

7 

Contr 0 11er 

Write Data (WDATA) 

8 2C) 


Contro11er 

Ground 

Unit Selected (USED 

22 9 

21 

Dr i ve 

Seek End (SEEK) 

G r 0 u n d 

10 23 

11 

Dr i ve 

Reserved f o r I n d e 

G r”’ o u n d 

12 24 

25 


Reserved for Sector 

13 26 




Uperati ns System Compatibi1itv 


RT-lls The emulation is transparent to the RT-11 version 4.0 operating system^ 
Lisina the standard device handler supplied by FHL. 


RSX““lls The emulation is transparent to the RSX-llM and RS.'X-l Ih-PLUS version 
4.0 operatins srs terns> usina the standard device handler suppI ied by FHL. 


RSTb/Eo The emulation is transparent to the RSTS/E version 7.2 operatina 
system^ usina the standard device handler supplied bv FHL. 


Contro11er Specifications 


(Controller specifications are subject to chanae without notice.) 
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MECHANICAL: The Mode1 CQOA 
10«44 inches wide bv S-S3 
the 11/23+ based backp1ane« 

il: o m p u t e r- I /1J 

Resistep Addresses (PROM selectable): 

^ Control/Status Resister 1 (RKCSl) 777 440 
Word Count Resister (RKWC) 777 442 
^ Bus Address Resister (RKBA) 777 444 

* Disk Address Resister (RKDA) 777 446 

^ Contro1/Status Resister 2 (RKCS2) 777 450 

* Drive Status Resister (RKDS) 777 452 
^ Error Resister (RKER) 777 454 

Attention Summarv/Otfset Resister (RKAS/OF) 777 456 
^ Desired Cv1 inder Resister (RKDC) 777 460 
^ Extended Memorv Address Resister (RKXMA) 777 462 
^ Data Buffer Resister (RKDB) 777 464 

Maintenance Resister 1 (RKMRl) 777 466 
ECC Po s i t i o n Res i s te r ( RKECPS ) 777 470 
^ ECC Pattern Resister (RKECPT) 777 472 
^ Maintenance Resister 2 (RKMR2) 111 474 
^ Maintenance Resister 3 (RKMR3) 111 476 

Enable Real Time Clock Control (RKERTC) 777 546 

Data Transfer 

^ Method: DMA 

Ma i m u m b 1 o c I-:; size t r a n s f e r r e d in a s i n s 1 e operation is 64K w o r d s . 
B u s L ij a d 

^ 1 s t d «j n i t 1 c* a d 

Address Ranses 

•«" Disk drive: up to 220.32 mesativtes 

Computer memorv: up to 2 mesawords 

Interrupt Vector Addresses 

PROM selectable, factory set at 210 (or 254) priority level BR5 


i s e ri t i r- e 1 v c o n t a i ri e d ri ci n e s u a d rii o d u 1 e me a s u r i i i ^ 
i ri c h e s d e e , a ri 'd p 1 u s s i n t «:• a n d r e s u i r* e s o n e si «:< t i n 
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Disk Driv^- I/O 


CONNECTOR “ one SO—pin tvpe “A*‘ flat ribbon cable mounted on 
c o n t r o 1 1 e r module. Tuj o 26—p in t v pe ” B " r i b b on cables (1 
interfaced with). 

SIGNAL “ SMD A/B flat cable compatible 

POWER - +5 volts at 3.5 amps? +12: volts at 300 milliamps from 
s u p p 1 r. 

ENVIRONMENT — operatins temperature 40 des^rees F. to 140 decrees 
10 to 95/1 non-condensing. 

SHIPPING WEIGHT — 5 pounds? includes documentation and cables. 


outer edse of 
for each drive 


c o m p u t e r p «:«w e r 

F . ? hi u m i «.i 1 1 v 
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TABLE 5~4 


CONEIGURATION SWITCHES 


LOCATION D17 SWITCHES 


SI S2 S3 
JiLSB) (MSB)^ 

V y / 

Binary Number of the first 
logical unit of the second 
physical drive.* 


S4 


ON = Bootstrap 
enable 

OFF =s Bootstrap 
disable 


S5 


ON = Controller error 
correction 
OFF = CPU error 
correction 


*For example, If there are four logical 
units (numbered 0»3) in the first 
drive, set the switches for the fifth 
logical unit (number 4) as follows: 


S6 S7 S8 S9 

jLSB (MSB)^ 

Binary number of last 
addressable logical unit. 

ON = Enable Real Time 
Clock Control. When 
enabled, emulates the real 
time clock register, 
address 777 546 
OFF s Disables Real Time 
Clock Control. 


(LSB) (MSB) 

S1 S2 S3 

0 0 1 


Note 

If SI, S2, and S3 are off (000), (he controller will default to all logical units on the first physical drive (drive 0). Because of 
the characteristics of some operating systems, the switches should be set for two drives even if only one drive is 
present 

LOCATION C23 SWITCHES 


Switch 

Position 

Logical Unit 
and Emulation 

S1 

ON 

LUO 

— 

RK07 


OFF 

LUO 


RK06 

S2 

ON 

LU1 

= 

RK07 


OFF 

LU1 

= 

RK06 

S3 

ON 

LU2 

= 

RK07 


OFF 

LU2 


RK06 

S4 

ON 

LU3 

= 

RK07 


OFF 

LU3 


RK06 

S5 

ON 

LU4 

= 

RK07 


OFF 

LU4 

= 

RK06 

S6 

ON 

LU5 


RK07 


OFF 

LU5 

= 

RK06 

S7 

ON 

LU6 

=s 

RK07 


OFF 

LU6 


RK06 

S8 

ON 

LU7 

= 

RK07 


OFF 

LU7 


RK06 
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TABLE 5-5 - JUMPER INSTALLATION 

BOOTSTRAP 

ADDRESS JUMPERS El6 


. C: A t *j B ( s t a n d a r- d ) 77 C-J 0 C) 0 

D „ » A 

oB A to C (alternate) 775 000 

DEVICE 

ADDRESS JUMPERS D19 


R to K (standard) 777 440 
Interrupt Vector = 210 


R to P (alternate) 776 700 
In t e r r u pt Ve c t o r = 254 


^ On the 11/23+ computer? bootstrap address 775 000 must he used. 


I n s t" a 1 1 a t i o n 


To i r»s ta. 1 1 t h e con t r -cJ 1 e r mc« du 1 e ? pr ocee«:d as f«:• 1 1 «u.is s 

CAUTIONj: Remove DC PO«uer from mounting assembly before inserting or 

removing the controller module^ Damage to the backplane 
a s s e m t' 1 v* may o c c u r- if the •! o n t r o 1 1 e r rrici d u 1 e is plugged i ri 
b a c k u]a r d s . 

1 . 'z.' elect the b a c I: p 1 a n e 1 o c a t i o ri i n t c* w h i c h the c o n t r c« 1 1 e r- is t o b e 

inserted- Be sure that the disk controller is the louest priority 
DMA device in the computer except if the DMA refresh/bootstrap ROM 
option module is installed in the system- The lowest priority 
device is the farthest from the processor module. Note that the 
c o n t r «:• 1 1 e r c o rr t a i n s a b ci o t s t r a p ROM - 

Figure 5-3 shows typical backplane configurations. Note that 
the processor module is always installed in the first location 
of the backplane or in the first location in the first backplane 
of multiple biac !•::p 1 ane systems. 

It is important that all option slots between the processor and 
the disk controller be filled to ensure that the daisy-chained 
interrupt (BIAK) and DMA (E^DMG) signal be complete to the cont¬ 
roller slots- If there must be empty slots between the controller 
and any option board? the following backplane Jumpers must be 
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i ns ta11ed 2 


FROM 

TO 


SIGNAL 

CO X NS 

CO 

X M2 

BIAKl/LO 

CO X S2 

CO 

X R2 

BDMGl/LO 


(last full (controller 

o p tio n slot) slot) 

2a Insert the controller into the selected backplane position. Be 
sure the controller is installed luith the components facing r ouj 
one? the processor. 

The controller module is equipped with handles on the side 
opposite the slot connectors. Gentlr position the module 
slot connectors in to the backplane? then press until the 
module connectors are firmlv seated into the backplane. Both 
handles must be pressed simultaneous1v. When removing the 
module? appl y eaual pulling pressure to both handles. 

3. Feed the module connector end of the disk I/O cables into the 
controller module connectors. Make sure that pin 1 is matched 
with the triangle on the connector as shown in Figure 5-4^ Install 
the cable c n ne c t c« r* s into the mo d u 1 e c o ri ne c t«:«r* s . Ve r i f r that t hie 
connectors are firmly seated. 

4. Connect the disk-end of the I/O cables to the disk I/O connectors. 
Be sure that the bus terminator is installed at the last disk 

in the system. 

Refer to the disk manual for operating instructions and apply 
power to the disk and computer. 

6. Observe that the green diagnostic LED on the controller board 

is lit. 

7. The system is now ready to operate. 
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FIGURE 5-3 - TYPICAL BACKPLANE CONFIGURATION 



CONTROLLER LOCATION 


H9270 MODULE INSERTION SIDE 



G r •:» u n d i ri g 


Tij pr- e v^* n t s r o u n d i. ng p r obi oms 
the computer DC ppourid point 
disk drives at the DC ground 


, a s t a r«'d a r- d 
to the d i s!■:; 
poin t s c 


ground braid s hio u 1 d be i ri s ta 1 1 
drive DC g r o «j ri d p «:• i n t a ri d a 1 s o 


e d f r* c« rri 
be tiuee n 
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OPERATION 


I rj t r o d ij c t i o n 


This section contains procedures tor 
controller and a disk drive or 
procedures is assumed. The material 


operatins* the computer system with the 
drives. An understanding of DEC operating 
here is provided for “first time users" of 


disk subsystems and 
diag n o s tic testing. 


describes procedures for bootstrapping? formatting? and 


Precautions and Pre-operationa1 Checks 


The following precautions should be observed while operating the systerUc 
Failure to observe these precautions could damage the controller? the disk 
cartridge? the computer? or could erase a portion or all of the stored hardware. 

1- If the controller bootstrap is to be used? set controller 
switch S4 on? and disable other bootstraps that reside 
at that address, 

2. See Figure 5-2 for proper positions of the switches and Jumpers*, 

See Tables 5—4 and 5—5 for switch and Jumper settings. 

3. Do not remove or replace the controller board with power applied 
to the corriputer. 

Before operation the following checks should be mades 

1. Verify that the controller board is firmly seated in backplane 
c o n n e c t o r*. 

2’. Verify that the cables between the controller and the disk drive 
are installed, 

3:. E«e sure the disk drive cartridge is installed (if it is to be 
used). 

4. Apply power to the computer and the console device. 

5. Verify that the green diagnostic light On the controller board 
1 i g h t s . 

6. Be sure power is applied to disk drive and READY light is on. 


Boo t s t rap Pr o ce d ur-e 




PAGE 5-16 
THRU 5-29 


THESE PAGES OMITTED INTENTIONALLY 
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PROGRAMMING 


Programm ins Definition s 

FUNCTION Thfc- expected activity of the disk system (inrite. seek> 
f" e a d 7 e t c o ) 

COMMAND To initiate a function (halt^ c1ear> so:^ etc.) 

INSTRUCTION One or more orders executed in a prescribed sequence 
that causes a function to be performed. 

ADDRESS ~ The binary code placed in the BDAL015 lines by the bus 

master ..to select a register in a slave device. NOTE 2 for 
memory other than computer internal memory 7 i.e -7 peri¬ 

pheral device resisters^ the upper 4K (2S-32K) address 
space is used. 

REGISTER - An associated qroup of memory elerrjents that react to 

a single address and store information (status^ control, 
data.) f Clr use ti v cithier a.ssemb 1 ies of the tcita 1 cmputer 
system. Classically, registers have been made up of 
groups of flip—flops. More and more often, registers 

a r e t !~i e c o n t e ri t s of addressed 1 c« c a t i o n s in s«:»1 i d - s t a t e 
ij r* c Cl r- e rri e rr 1 o r •» , 


El i s I-:: iZ: o ri t r- oiler- F u nt i o ri s 

The disk controller performs 14 functions. A function is initiated by a GO 
command after the processor has issued a series of instructions that store 
f u ri c t i c« n — c o n t r o 1 i n f »:• rma t i o n i ri t o c o n t r- o 1 1 e r- registers. To accept a c orrimari d ari cl 
perform a function, the controller must be properly addressed and the disk 
drive(s) must be powered up, be at operational speed, and be ready. 

The functions performed by the controller are established by bits 01, 02, 03, 

and 04 of the control status register (RKC3.1)- The function and bit codings are 
given in Ta hi 1 e 4— 1 . De s c r- i p t i c* n s c* f t hi e f «j ri c t i o n s are g i v e ri i ri t hi e f ci 1 1 o uj i n g 
paragraphs. 

Note that the controller automatically performs certain functions during each 
commmand- For example, the controller always performs the following steps: 
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1« Eie c •:* de s i n s t r ij c t i o n 

2, Se1e c t s d rive 

3 - Acknow 1 ed9 e s pack (tests tor RKO.^-/RK07 drive 

4- Executes one of the folloujins! rerna i n i ns nine 


TABLE 5-6 - FUNCTION CODES 


BIT 

4321 COMMAND 


0000 

Select Drive 

0001 

Pack Acknow1edge 

0010 

Drive Clear (Reset Attention Status) 

0011 

Unload (No iJp) 

0100 

Start Spindle (No Op) 

0101 

Recalibrate (Restore Drive and Reset 

0110 

Offset 

0111 

oe^e k 

1000 

Read Data 

1001 

Write Data 

1010 

Read Headers (1 Track of Headers) 

1011 

Write Headers (Format Track) 

1100 

Write Check 


type ) 
f u n c t i o n s 


Pault) 


Select Drive 


Performed automatically as part of all functions related to drive selection 
(connects drive)- 


Pac k Ac k n ow1e dge 


Performed automatically to verify emulation (RK06/RK07) as part of all functions 
related to drive s e 1 e c t i o n « C o n t r o 1 s hit 02: i n RH:;D2: . 


Drive Clear 


Resets attention status in RKAS/OF 
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Re ca1 ib rate 


Re1o«._ates the heads to cvlinder zero and clears the cvli rider address res is ter . 
Also resets all fault cond i t i oris = Sets attention bit in RKAS/(JF- 


LI f f s e t 


Sets drive attention bit in RKAS./OF„ 


Si e e !•:: 


Performed automatically as part of all functions related to drive selection- 
Sets attention bit in RKAS/OF- Durins Overlapped Seeks? loads cvlinder address 
into RKMR3 (Maintenance Resister 3). 


Read Data 


Causes the follomins sesuence to be executed: A -Seek to the cylinder in RKDC is 
performed. Headers are read and compared uith the desired disk address until 
the correct sector is found. Transfer of data throush the data buffer to memory 
is initiated- When the sector data transfer is complete? the ECC losic is 
checked to ensure that the data read from the disk ujas error-free. If a data 
error occurred? the ECC correction losic is initiated to determine iLihether the 
error is correctable? when finished? the* command is terminated to allow 
software or hardware (as selected) to apply the correction information. 
A s s u m i. ri s n o d a t a e r r o r s ? the w ij r d c u n t i n R K W C: i s c h e c I-.-: e d ? if n o |-| — z e r o ? t f“i e 
data transfer operation is repeated into the next sector. The word count is 
checked at the end of each sector until it reaches zero? at which time the 
command is terminated by settins the Ready bit. 

Write Data 


Causes the fol low ins sesuence to be executed: A b’eek to the cvl inder in RKDC is 
performed. Transfer of data from memory to the data buffer is besun? and 
headers are read and compared with the desired disk address until the correct 
sector is found. Preamble? Data (256 words)? and ECC bits (56) are written on 
the disk. If the word count in RKWC soes to zero durins the sector? the rest of 
the sector is z e r- o - f i 1 1 e d . After the sector transfer? the wo r d c o u ri t is Rk! WC' ? 
is checked? and if non-zero? the data transfer operation is continued into the 
next sector. The word count in RKWC i .s checked at the end of each sector and? 
when it esuals zero? the command is terminated by settins the Ready Bit. 



C:Q06 DISK CONTROLLER 


PAGE 5-33 


Read Headers 


A Seek to the cylinder in RKDC is performed. This function causes the 
controller to read all headers starting at the Index mark. Each S-uord header 
is read in the order in which it appears on the disk. If an ECC error is 
detected in the header? the HRE bit of RKER is set. 


Write Headers 


A Seek to the cylinder in RKDC is performed. The controller then waits until 
Index-: is detected. When detected? zeros are written until Inde::< is again 

detected- This "cleans'* the track of potential spurious signals. After Inde:::; 
is detected a second time? 5 header words and a 3r2-“bit ECC are written after 
each sector pulse. When Inde:::; is ne.xt detected? the command is terminated and 
the Ready bit is set. 

NOTES All five words and the ECC code are prepared by the format 
routine (software) and treated as data by the controller. 

Only one complete track can be formatted at a time. 


Write Check 


Causes the following seauence to be e.x.ecu ted s A S.’eek to the cylinder in RKDC is 
performed. The selected drive provides data as in a Read command? and data is 
obtained from memory as in a Write command. The data are compared on a 
u>ord-for-word basis until the word count reaches zero or until a failure to 
compare occurs. If the data fails to compare? the command is terminated 
immediately. 


Napping and Map Override 


In a typical FHL disk subsystem? the method by which the disk drive finds the 
proper location to read data from or write data to is as follows- 

1- The application software program running under the operating 

system sends a record number to the disk device driver software. 

2. The device driver converts this record number into head? sector? 
a n d c V1 i n d e r n u m b e r- s - 

3. The driver then sends this information to dedicated hardware 
registers «:• n t hi e tj i s k c c« n t r- 1 1 e r*. 
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4n The controller in turn passes these parameters on to the disk 
drive over I/O interface cables. 

G- The drive interprets these signals and activates electronics and 
electromechanics enabling it to seek to the exact physical 
location where information will be recorded or retrieved. 


I Tf a. ri FHL_ subs vstem which i n c 1 u de s t he C:Q—06 c o n t r o 1 1 e r - the a ti o ve pr o ce d u r-e i s> 
the same up to step 4. But instead of passing on the head7 sector and cylinder 
i n f o r ma t i o n t o t h e d r i ve 7 t e c o r*i t r o 1 1 e r first takes 11"1 a t inf c* r ma t i o n sent b v 
the device driver software and reconverts it to the original record number. 
Then by invoking a special algorithm^ the controller develops a new head? sector 
and cy- linder number. This is called "mapping'* and it is a necessary procedure 
whenever the disk drive that is attached to the CPU does not contain the same 
specifications as the drive supplied bv the CPU manufacturer. 

Cl p e r a t i n g m e* d e o f the d i s k 
disk address to the drive as 
procedure. TypicalIv? this 
feature is only used in an environment in which the user reauires the entire 
disk drive to be formatted as one large logical unit. In other words? one 
logical unit would eaual one physical unit. 


Nap 0ve r r- i de i s no t h i ng nic*re t han a special 
controller which allows it to transfer the 
described in steps 1—5? bypassing the mapping 


E Ti a. hi 1 e R e e. 1 T i. m e C1 o c k: l: o ri t r- o 1 

T' b e r e a. 1 t i me cl o c !■:; line is f r- o m t l"i e 6 0 - c y c 1 e p o w e r s u p 1 ‘v in the LSI. T hr e 
Operating System uses the clock for time and date. The line on the Q—Bus? 
BEVNT ? can be disabled b v a swi. t chi on the c on t r- o 1 1 e r ? uih i c h when iJN ena1 es rea l 
time clock: control? or when OFF disables control. The register? address 777 

546? is shown at the end of this section. 


REGISTERS 


A summary of the registers is shown in Figure 5-5? 
e a c l~i r e g i s t e r . 


.:i f 


f «:• 1 1 o uje d b r’ a de s c r i p t i o n 
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CONTROLLER REGISTER CONFIGURATION 


BIT POSITION 


MSB 


LSB 


IjiJ 

14 

13 

_!L 

11 

10 

09 

08 

07 

06 

05 

04 

03 

02 

01 

00 


CONTROL AND STATUS 1 

ERR 

Dl 

0 

GAP 

TO 

06/ 

X MEM 

CR 

IE 

0 

FUNCTION 

GO 

777 440 (RKCS1) 

RST 





07 








WORD COUNT 
777 442 (RKWC) 


WORD COUNT 


BUS ADDRESS 
777 444 (RK8A) 


BUS ADDRESS 


DISC ADDRESS 
777 446 (RKOA» 


HEAD ADDRESS 


SECTOR ADDRESS 


CONTROL AND STATUS 2 
777 450 (RKCS2) 


DRIVE STATUS 
777 452 (RKOS) 


ERROR REGISTER 
777 454 (RKER) 


ATTENTION SUMMARY AND 
OFFSET 777 456 (RKASA)F) 


DESIRED CYLINDER 
ADDRESS 777 460 (RKDC) 


EXTENDED MEMORY 
ADDRESS 777 462 (RKXMA) 



WCE 

0 

NED 

NEM 

PE 

MDS 

0 

0 


SCL 

IBA 


OS 



SC 

PIP 

0 

WP 

SPARES 

06/ 

07 

OR 

OS 

S£ 

0 

OF 

0 


3 


DCK 

DU 

OI 

0 

WPE 

ID 
- AE 

COE 

HRE 

BSE 

NEC 

DTE 

0 

0 

0 

SI 

ILF 


ATTENTION 

- NOT USED 

ON 

OP 

NOT USED 


DIAGNOSTIC MODE 

NOT USED 

CYLINDER ADDRESS 


NOT USED 

XMF 

NOT USED 

XMF 

NOT USED 

BITS 16-21 


REAOAVRITE BUFFER 
777 464 (RKOB) 


DATA BUFFER 


maintenance 1 

NOT USED 

FIRMWARE 

777 466 (RKMR1) 


MODEL 


ECC POSITION 
777 470 (RKECPS) 


NOT USED 


ERROR POSITION 


ECC PATTERN 
777 472 (RKECPT) 


NOT USED 


ERROR PATTERN 


maintenance 2 

777 474 (RKMR2) 


HEAD MAPPED 


SECTOR MAPPED 


MAINTENANCE 3 
777 476 {RKMR3) 


NOT USED 


CYLINDER mapped 


enable real time CLOCK 
CONTROL 777 546 (RKERTQ 


ERIC 
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CONTROU 4 status R6<lii5Te:/R 1 HH(;2 (RkosIJ 

BITfS) DEFINITION 

> GO — Whie n set? this bit causes rp o s r a.mme d c o mma nds ( f u n c t i o n 


01 -04 


05 

06 


codes) to be executed. When set? only two other bi~ts can be 
set (except in the diagnostic mode); they are: Bit 15? C'CLR? 

in R K C 5:1 ? a ri d Bit 0 5 ? 5; C L R ? i ri R K C S 2. 

FUNCTION CODE— 

BIT 


432 1 

C) (uo) 

OCTAL 

CONMAND 

0000 

1 

01 

Sielect Drive 

0001 

1 

03 

F'a c k A c k n w 1 edge 

0010 

1 

05 

Drive Clear (Reset Drive Fault) 

001 1 

1 

07 

Un1oad (No Ope ratio n) 

0100 

1 

1 1 

Start Spind1e 

0101 

1 

13 

Re ca1ibrate (Rest ore Drive 

Reset Fault) 

0110 

1 

15 

Offset 

011 1 

1 

17 

Seek (No Operation) 

1000 

1 

21 

Read Data 

1001 

1 

X 3 

Write Data 

101C) 

1 

25 

Read H e a d e p's ( 1 T r* a c c* f H e a d e r* s ) 

101 1 

1 

27 

Write Headers (Format Track) 

1 100 

1 

31 

W p- i t e C: hi e c k 


•SPARE - ALWAYS 0 

INTERRUPT ENABLE - When this bit is set? the controller is 

allowed t i n t e r r u p t t h e p r «:i cess o r- u n d e r a ri y o f t hi e foil o wing 

c o n d i t i o n s s 

When the C o n t r c« 1 1 e r Re a d v bit ( b i t 07 i n RKC-S1 ) is set 

u p o pj •:« m p 1 e t i. •:« ri o f a c «:« iti m and. 

When a n v d r i ve sets an associated A11 e n t i c« n flag ( A TN7 - 
ATNO) in RKAS/OF? and the Controller Ready bit is set. 


^ W tj e n the c o n t r- c« 1 1 e r- o r- a ri y drive i Pi d i c a t e s the p r* e s e n c e 
o f an e r r o p- b v setting the ERR / RST bit in RKiCS 1 - 


In addition? via program control? an interrupt can be forced 
by the simultaneous setting of the IE and RDY bits in RKCSl- 
The IE bit can be reset via program control as well as bv 
conventional initialization (INIT? CCLR? SCLR). 

07 CONTROLLER READY - This is a read-only bit. It is set via 

c o n ve n t i o Pi a 1 initialization (INIT? CCLR ? 3CL_R ) u p o n c o m p 1 e t i o n 
o f a c o n t r c« 1 1 e r c«:«rrirria ri d ? «:• r w h e ri a ri e r r o r c o n d i t i Pi is d e — 
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t ec te d - The RDY b i t i s re se t uihe n the GO bit (hi t 00 i n RKCS.’ 1 ) 
is se t- 


08-09 


EXTENDED BUS ADDRESS ~ 
the 16-bit Bus Address 
memorv address for the 


These bits constitute an extension of 
res? is ter ( RKBA ) ? which contains the 
c u T" re fj t da ta t r a.n s f e r . 


10 RK06/RK07 SELECT - When set, this bit selects RK07. When 

reset, RK06 is selected. 


11 OPERATION TINE OUT - When set, this read-only bit indicates 

that the GO bit has been set for a specified time period and 
the c u r r- e n t c o m m a n d h a s n •:« t bee n e >:: e c u t e d w i t hi i n t hi a t t i n i e 
pe rio d. 


12 GAP CONTROL - In the Write Header command Lor write format) 

bit 12 will direct the controller to generate a long gap 
(24 bytes) or a short gap (16 bytes) between sector and 
header. NOTE: When bit 12 is set, the Word Count Register- 
should be set for 520 bvtes. 


Bit 12 1 = Short Gap 

2 = Long Gap 


In the Write Data or Read Data command, bit 12 wi11 „direct 
the controller to Write or Read a sector data field (512 bvtes) 
with o r w i t h o u t E C C ( 7 b -i" t e s ) t»j o r- f r o rn m e m «:• r -i-*. 

Bit 12 1 = 512 Bytes -+- 7 Bvtes 

(DATA) (ECC) 

0 = 512 Bvtes 

13 SPARE - ALWAYS O 

14 DRIVE INTERRUPT ENABLE (SEEK OR RESTORE) - This bit is set 
during a Seek or Restore operation or when any attention bit 
is set in the RKAS/OF register. The bit is reset by Bus 
Initialize (INIT), Subsystem Clear (SCLR) or by Drive Clear 
commands asserting a. 11 e n t i o n . 

15 CONBINED ERROR/RESET - When reading bit 15 via programmed 
control, a zero indicates an operation complete with good 
status; a one indicates an operation complete with an error. 
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This is a Read/Write register. The bits of this register contain the 2s 
corripl ement of the total number of uords to be transferred during a Read^ UJrite> 
or Write Check operation. The register is incremented bv one after each 
transfer. When the register overflows (all WC bits go to zero):» the transfer is 
c c« fTi p 1 e t e and controller action is terminated at e rnd of the p r e s e ri t d i s s e c t o r . 
Onlv the number of ujords specified in the RKWC are transferred. It is cleared 
bV INIT or RESET functions. 


BUS ADDRESS REGISTER 777 444 (RKBA) 



The Bus Address Register is initial Iv loaded ujith the 1 ou“”order sixteen bits of 
the bus address that reflects the main memorv start location for a data 
transfer. With the 1 ouj— order bit (bit GO) alujavs forced to zero^ the Bus 
Address Register bits are combined ujith bits 09 and 03 of the RKSCl register 
(BA177 BAIA) to form a complete even —numbered ^ 13-bit memorv address. Folloining 
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each data transfer bus cvcle^ the Bus Address Resister is incremented to select 
the next even-numbered location. 


DISK ADDRESS (TRACK AND SECTOR) REGISTER 777 446 (RKDA) 


15 


08 07 


00 


HEAD ADDRESS 


SECTOR ADDRESS 


BI T ( S ) 

00-04 
(00-07) 


OS -10 
(OS-15) 


DEFINITION 

S.’ECTOR ADDRESS - In the emulation mode? bits 00-(T4 select 
UP to 20 sectors of 16—bit ujords. In the map override 
mode? bits 15? 14? 13? 12 in the Desired Cylinder 

Register 777 460? are set to 1? 0? 0? 0? respective1 

The Sector Address then uses bits 00-07. 

HEAD (TRACK) ADDRESS - In the emulator mode? bits 03-10 
select heads 0? 1? 2. In the map override mode? bits 
15? 14? 13? 12 and in the Desired Cylinder Address Reg¬ 
is ter 777 460? are set to 1? 0? 0 and 0? respectively. 

The Head (TRACK) Address then uses bits C)S—15. 
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CONTROL AND STATUS REGISTER 2 777 450 (RKCS2) 

15 14 13 12 11 10 09 08 07 06 05 04 03 02 00 


0 

WCE 

0 

NED 

NEM 

PE 

MDS 

0 

0 

1 

SCL 

I BA 

0 

DS 


B I T ( S ) 

00—02 

03 

04 

05 

C)6 

07 

O-S 

09 ^ 

1 o-«- 


1 


1 2 -«- 


"DRIVE SELECT 
^ SPARE—ALWAYS 0 
’— INHIBIT BUS ADDRESS 
SYSTEM CLEAR 
INPUT READY (ALWAYS 1) 

OUTPUT READY (ALWAYS 0) 

SPARE —ALWAYS 0 
‘—MULTIPLE DRIVES SELECTED 
‘—PROGRAM ERROR 
‘—NONEXISTENT MEMORY 
'—NONEXISTENT DRIVE 
‘—SPARE— ALWAYS 0 
WRITE CHECK ERROR 
‘—SPARE—ALWAYS 0 

DEFINITION 

DRIVE SELECT - These bits specify the drive to be selected- 
SPARE - ALWAYS 0 

INHIBIT BUS ADDRESS INCREMENT - When this bit is set, the Bus 
Address register is prevented from incrementing during data 
transfers. 

SYSTEM CLEAR - When this bit is set, the controller and drive 
are reset- 

INPUT READY - ALWAYS 1 
OUTPUT READY - ALWAYS 0 
SPARE - ALWAYS 0 

MULTIPLE DRIVES SELECTED - This bit is set luhen more than one 
drive has been selected at the same time. This bit can only 
be c 1 ear-e d L« v' INIT c« r* LR- 

PROGRAM ERROR - This read-on1y error bit is set if anv 
controller register is written (CCLR and SCLR excluded) while 
the GO bit in RKCSl is set. 

NONEXISTENT MEMORY - This read-only error bit is set when the 
controller attempts to execute a bus cycle and SSYN is not 
returned within the specified time period- 

NONEXISTENT DRIVE - When set, this read-only error bit indi- 
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cates that b’elect Acknowl edse ( oAL-K ) has not been asserted 
bv the selected drive in response to a Select Enable sent 
to the drive. 


13-^^ SPARE - ALWAYS 0 

WRITE CHECK ERROR ~ When set? this read-only bit indicates 
that a data ujord read from the disk (during a Write Check 
command) did not compare with the data ujord in main memorvc 
If a Write Check error is detected and the IBA bit (bit 04 
of RKCS2) is cleared? Bus Address resister will contain 
the memorY address of the mis—matched word plus two or 
plus f o u r. 

15 SPARE^ - ALWAYS O 

^Causes bit 15 in RKCSl to set. 

DRIVE STATUS REGISTER 777 452 (RKDS) READ ONLY REGISTER 


15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 


1 

sc 

PIP 

0 

WP 

SPARES 

06/ 

OR 

OS 

SE 

0 

OF 

0 

0 

1 







07 










1— SPARE—ALWAYS 1 
SPARE —ALWAYS 0 
^ SPARE — ALWAYS 0 
^DRIVE FAULT 
^SPARE — ALWAYS 0 
^SEEK ERROR 
L-DRIVE SELECT 
— DRIVE READY 
— RK06/RK07 
I—SPARES —ALWAYS 0 
‘—WRITE PROTECT 
— SPARE — ALWAYS 0 
L-POSITIONING IN PROGRESS 
•—SEEK complete 
— SPARE—ALWAYS 1 


BIT(S) DESCRIPTION 

00 SPARE - ALWAYS 1 

01 SPARE - ALWAYS O 

02 SPARE - ALWAYS 0 

DRIVE FAULT “ When set? indicates an error condition is 
detected within the drive and is prohibiting all operations- 
This bit is reset manualIv bv clearing the fault condition 
within the drive. 


SPARE - 


04 


ALWAYS 0 
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SEEK ERROR - When set 7 indicates a seek luas not completed 
ujithin a specified time period after it u/as initiated. 


06 

07 


DRIVE SELECTED - When set 7 the drive is selected and on-line. 

DRIVE READY - Drive Ready is a read-only bit which when set 
indicates the selected drive is up to speed 7 the heads are on 
cv 1 inder and the drive is ready to accept commands. It is 
reset u-ihen these conditions are not met or when drive is 
see kins. 




RK06/RK07 - When set indicates RK07; when reset indicates 
RK06. 


09 - 10 
1 1 


SPARES - ALWAYS O 

WRITE PROTECT — When set 7 the selected disk is write 
protected. 


12 
13 


SPARE - ALWAYS 0 

PUb‘ ITI uN I Nh IN PROCtRESo — When s e 1 7 the selected d i s I-.-; is 
write p r* Cl t e c t e d . 


14 


oEEK INCOMPLETE - This read-only bit sets when the drive is 
UN CYLINDER- SEEK or RESTORE is completed. 


15 


ALWAYS 1 


ERROR REGISTER 777 454 (RKER) 


15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 


DCK 

DU 

01 

0 

WPE 

ID 

COE 

HRE 

BSE 

HEC 

DTE 

FE 

0 

0 

SI 

ILF 






AE 












’—ILLEGAL FUNCTION 
^ SEEK INCOMPLETE 
‘—SPARE—ALWAYS 0 
— SPARE—ALWAYS 0 
FORMAT ERROR 
— DRIVE TYPE ERROR 
— HARD ECC ERROR 
— BAD SECTOR ERROR 
— HEADER READ ERROR 
— CYLINDER OVERFLOW ERROR 
— INVALID DISC ADDRESS ERROR 
— WRITE PROTECT ERROR 
— SPARE —ALWAYS 0 
^OPERATION INCOMPLETE 
— DRIVE UNSAFE 
— DATA CHECK 
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BIT ( S ) 
GO 


01 


02 

03 

04 




06 


07 


o.- 


1 0 


11 


12 


DEFINITION 

ILLEGAL FUNCTION ~ When this read-onIv bit indicates 

that an illegal command has been loaded into the RKCSl' 
register- 

S.EEK INCOMPLETE - When set, this read-only bit indicates 
that a seek operation has not been completed bv the 
selected drive- 

SPARE - ALWAYS 0 

SPARE - ALWAYS 0 

FORMAT ERROR - When set in c o n J u n c t i o n la i t hi bit 09, i ri d i c a t e s 
that the sector pulses are too close together- Diagnostic 
message is "SECTOR SIZE TOO SMALL." 

DRIVE TYPE ERROR - This read-only bit is set when the drive 
type status does not compare with Control Drive Type bit 
(RKCS1, bit 10), i.e. , RK06 in s tead of RK07 or vice-versa. 

HARD ECC ERROR - When set, this read-only bit indicates that 
a data error detected b r t hie ECC 1 og i c canno t be c c« r r e c t e d 
using ECC. 

BAD SECTOR ERROR - When set, this read-on1v bit indicates 
that a data transfer was attempted to or from a sector and 
the sector is bad. 

HEADER READ ERROR When set, this read-only bit indicates 
that an uncorrectabl e ECC error was detected on a sector- 
header during a data transfer-o If bit 13 is also set, the 
error indication is "HEADER NOT FOUND." 

CYLINDER OVERFLOW ERROR - When set, the word count is not 
eaual to zero and the operation is programmed to continue 
beyond the last logical sector on the disk. This will occur 
on a Read or Write data operation. 

INVALID DISK ADDRESS ERROR - When set, this bit indicates 
that an invalid cylinder address or an invalid head address 
has been detected during a Seek command or Write/Read 
data command. 

WRITE PROTECT ERROR — When set, this read-only bit indicates 
that the drive received assertion of Write Gate while in the 
write protect mode. 

SPARE - 


ALWAYS 0 
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14 

15 

ATTENTION 


BIT ( S:) 
00-02 
03 

04 


OPERATION INCOMPLETE - When set, this read-onlv hit indicates 
t tia t d u r- i ri 0 a data t r a ri s f e n , 11( e ide s i r e d tiea de r c o u 1 d ri o t be 

f c« u n d . This e r- r o r- c a ri r- e s ij 1 t f r- <;• rri a Cf v o n e «:• f t ti e f o 1 1 o uj i n 0 : 

Head M i s - p s i t i r I 

^ I rc c ‘j r r e c t He a d 3e 1 e c t i ri 

^ Read C h a nn e 1 Fail u r e 

^ Imp ro per Pack Fo r ma11in 0 

DRIVE UNSAFE - When set, this read-onl v bit indicates that a 
Read/Write Unsafe condition has been detected. 

DATA CHECK - When set, this read-onlv bit indicates that a 
data error ujas detected uhen the current sector uas read. 

SUMMARY AND OFFSET REGISTER 777 456 (RKAS/OF) 


15 

08 

07 05 

04 

03 

02 00 

ATTENTION 

NOT USED 

ON 

OP 

NOT USED 


DEFINITION 
SPARE - ALWAYS 0 

OFFSET POSITIVE - Offsets the head in the positive direction 
from the centerline of the track (positive is from the 1ouer 

cv Tinder number toiuard the hi 0 her cv Tinder number). 

OFFSET NEGATIVE - Offsets the head in the ne 0 ative direction 
from the c e n t e r- T i n e of t ti e track ( ri e 0 a t i ve is from t hi e hi i. 0 hi e r- 

c V T i nd e r numher- t ouar d t hie T <:«uj e r c v T i nder- n»: j rriher ) . 
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05-07 SPARE - ALWAYS 0 

O.S-15 ATTENTION - The ei^ht Attention bits^ one for each driven 

correspond to the losiical unit number of each drive. Each 
bit indicates the state of the Drive Status Chanse flip-flop 
in the corresponding drive. All of the ATN bits are 
c c« r“{ t i ri u o u s 1 v s c a n ri e d a ri d updated (polled). 


DESIRED CYLINDER ADDRESS REGISTER 777 460 (RKDC) 



BIT(S) DEFINITION 

00-09 CYLINDER ADDRESS - The cylinder address in RKDC is the emulated 
address. The actual mapped address is contained in RKMR2, The 
cylinder number is ujritten in octal in the register, 

10-11 SPARE - ALWAYS 0 

12-15 DIAGNOSTIC NODE - These bits are as follouiss 
15 14 13 12 

C) 0 0 0 R K 0 / R K C) 7 E m u 1 a t i o n N o d e 

1 0 0 0 NAP OVERRIDE NODE - These bits can be set by the 

pr og r amme r t o o ve r r i de the ma pp i ng a 1 g o r i t hrn. 

When set? the head? cylinder? and sector add¬ 
resses supplied to the controller specify 
absolute address to the disk. Could be typi¬ 
cally used to permit the device handler to be 
modified to take advantage of the head per 
track options available in some disk drives. 
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1 1 0 0 DMA BUFFER TEST MODE - Allows Readins/Writing 

of the controller data buffer us ins the computer 
DMA interface- The controller word count and 
mernorv address registers are used to set up the 
DMA transfer with a maximum transfer of 1024 
bvtes starting with location 0 of the data 
buffer. The write commands 23 ? will write 
from the buffer. The read command, 21 > will 

read from the data buffer. 


1 1 1 
1 1 0 
1 1 1 


0 ECC TEST MODE 

1 I/O BUS INTERFACE TEST MODE 

1 I/O W/R INTERFACE TEST MODE 


EXTENDED MEMORY ADDRESS REGISTER (22~bit) 777 46Z (RKXMA) 


15 14 13 12 11 10 09 06 05 00 







BITS 16-21 


L SPARE—ALWAYS 0 
— EXTENDED MEMORY FLAG BITS 
SPARE—ALWAYS 0 
L-extended MEMORY FLAG BITS 
^ SPARE—ALWAYS 0 


BIT ( S ) 

DEFINITION 





00-05 

BITS 16-21 - These bits 
22—bit extended memo rv. 

7 u-fhen set? 

define 

bits 

16-21 of the 

06-09 

SPARE - ALWAYS 0 





10, 13 

EXTENDED MEMORY - When 
address is used. 

bits 1 Cl and 

13 are 

set, 

the 22-bit 

11-12, 

14-15 

SPARE - ALWAYS 0 
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READ/WRITE BUFFER REGISTER 777 464 (RKDB) 



BIT(S) DEFINITION 

00-15 The Data Buffer Register is a Read/Nrite resister. Writins 

into the resister loads data into the controller data buffer? 
one word at a time. Readins the resister reads data from the 
controller data bufferThe commands INIT? CLL? and SRC 
clears the Data Buffer address allowins writins or readins 
of the Data Buffer startins at location 0- Readins from or 
writ ins into the buffer will increment the address resister. 


MAINTENANCE REGISTER 1 776 466 


02 00 



BIT(S) DEFINITION 

00-02 FIRMWARE MODEL - These three bits define the model number of 
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the firmiuare used in the controller, 
03-15 SPARE - ALWAYS 0 

ECC POSITION REGISTER 777 470 (RKECPS) 


15 14 13 12 


00 


NOT USED 


ERROR POSITION 


BIT(S) DEFINITION 

00-12 ERROR POSITION - These read-only bits define the start loc¬ 

ation of an error burst (containing from one to eleven error 
bits) within a 256-word data fields sequence. The position 
is valid if the error is ECC correctable, 

13-15 SPARE - ALWAYS O 


ECC PATTERN REGISTER 777 472 (RKECPT) 


15 


11 10 


00 


NOT USED 


ERROR PATTERN 
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BIT(S) DEFINITION 

00-10 ERROR PATTERN - These are reacl-onlv bits that provide an 

11—bit correction pattern for an error burst that does not 
exceed 11 error bits in lensth and is therefore ECC 
correctab 1e- 

11-15 SPARE - ALWAYS 0 

MAINTENANCE REGISTER 2 777 474 (RKMR2) 



BIT(S) DEFINITION 

00-07 SECTOR MAPPED - These bits define the actual mapped sector 

address in the disk as opposed to the emulated address. 

08-15 HEAD MAPPED - These bits define the actual mapped head 

address on the disk as opposed to the emulated address. 
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MAINTENANCE REGISTER 3 777 476 


15 


11 10 


00 


NOT USED 


CYLINDER MAPPED 


BIT(S) DEFINITION 

00-10 CYLINDER MAPPED - These bits defiffe the actual mapped 

c V 1 i nder address on t hie d i sas «:• pp c«sed t c« t hie erriu 1 a ted 
address o 

11-15 SPARE - ALWAYS O 

ENABLE REAL TIME CLOCK CONTROL REGISTER 777 546 


15 07 06 05 00 


NOT USED 

ERTC 

NOT USED 



— ENABLE REAL TIME CLOCK CONTROL 


The Enable Real Time Clock Control r<='S»ister performs a separate function from 
the other resisters- Durins a read operation^ bit U6 is aliuavs reset- Durins a 
ui r i t e operation bit 06 is set? s i v i n s the real time clock control- Suj itch o 
must be ON to enable this function- 
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TROUBLEiE.HOOTING AND THEORY 


This section describes troub1eshootins* procedures at three levels of complexitv- 
basic SYsteiTM controller sYmptoms and detailed analvsis- Basic sYstem 
troub 1 eshoo t i ns* procedures are visual checks not re^uirins* test equipment and 
mav be performed bv the operator. Controller svmptom procedures mav require a 
scope? meter? extender board or diasnostics? and should be performed bv a 
technician. Detailed analvsis is troub1eshootins at the IC level? and is 
presented for ensineers or svstem analvsts for controller evaluation* The 
latter method mav require the use of test equipment and the material presented 
heres board lavout? term listins? theorv of operation and losic diagrams. 

CAUTION: Nake sure the power is off when connecting or disconnecting 
board or plugs. 


Basic Svstem T r oub1e shoo ting 


The following should be checked before power is applied: 

1. Verifv that all signal and power cables are properlv connected* 
Ribbon cable connectors are not keved. The arrows on the 
connectors should be properlv aligned. 

2 . Verifv that all switches are properlv set. 

3. Verifv that all modules are properlv seated in the computer and 
proper1v oriented. 

The following should be checked during or after application of power: 

1- Verifv that the computer and disk drive generate the proper 

responses when the svstem is powered up- 

2. Verifv that the computer panel switches are set correctIv. 

3. Verifv that the console can be operated in the local mode. If 

not? the console mav be defective. 

4. With the drive power switch on? verifv that the drive READY light 
i s o n o 

5. Verifv that the green diagnostic light on the controller is on* 


C; o n t r «j 1 1 e r S-i'm p t o m s 
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Controller sYmptoms> possible causes and checks/corrective action are descri 
in Ta t« 1 e 5"~8. V o 1 t a s» e c h e c k s s h •:« u Id be pe r f o r me d bet o re t r- o u b 1 e - s h o o tins m 
complex problems. The -eC'V source mav be checked from anv component shouin on 
1 o s 1 c d i a s r a m s . 


PhY sica 1 La ro u t 

The phvsical layout of the board is shou/n in Fisure 5—6. 

TERN TESTING 


The input and output terms for each losic diasram are described in Table 5—7« 

TABLE 5-7 - TERN LISTING 


Term 

Origin 

Description 

LXRF- 

11 

Load External Register RAM 
Destination 

MRQB + 

3 

Memory Request Q Bus 

OCO + /- 

16 

Open Cable Detect 

ONCYL+/- 

17 

On Cylinder From Drive 

PICK 

16 

Power Pick 

QBUSA 

2 

0 Bus Access 

03 

10 

0 Register Shift Line 

RAM3-f 

10 

Shift Output of ALU RAM 

RCLOCKA/B + / - 

18 

Read Clock From Drives A or 

B 

Read Data From Drives A or B 

ROATAA/8 + / - 

18 

RDATA + 

18 

Read Data 

REP 

19 

Read Error Pattern 

RESET 

4 

Reset Signal to Controller 

RMCLK 

3 

RAM Clock 

RSYNC 

13 

Read Synchronize 

RA/VCK-. 

18 

Read/Write Clock 

RAA^SRE + 

3 

Read/Write Shift Register 
Enable 

SELA/B 

18 

Drives A or B Selected 

SENOA/B 

18 

Drives A or B Seek End 

SCLK 

3 

System Clock 

SCLOCKA/B 

18 

Servo Clock From Drives 

SDB08 + 

2 

Slave Data Bus Bit 8 

SEEKA/B 

18 

Seek End From Drives 

SEC + /~ 

17 

Sector Pulse From Drive 

SERR + /~ 

17 

Seek Error From Drives 

SUIN + 

2 

Slave Interrupt Acknowledge 
Request 

TAG 1/2/3 

16 

Tag Lines To Drives 

TDIN4- 

3 

Transmit Data In 

TDOUT ^ 

3 

Transmit Data Out 

TDMG4. 

2 

Transmit Direct Memory Grant 

TDMRh» 

2 

Transmit Direct Memory 
Request 

TIAK^- 

2 

Transmit Interrupt 

Acknowledge 

TIRQ^- 

3 

Transmit Interrupt Request 

TRPLY 

3 

Transmit Reply 

TSACK 

2 

Transmit Select Acknowledge 


Term 

Origin 

Description 

TSYNC 

3 

Transmit Synchronize 

TWTBT 

3 

Transmit Write Byte 

UNRDY 

17 

Drive Unit Ready 

USELO/1/2/3 

16 

Drive Unit Select Bits 0, 1, 2 , 3 

USELA/B 

18 

Drive Unit Select A, B 

USTAG 

16 

Drive Unit Select Tag 

VEC- 

8 

Vector Address Register 

Select 

WDATA + 

14 

Write Data Bit Stream 

WCLOCKA/B + /- 

18 

Write Clock To Drives A or B 

WDATAA/B Y/- 

18 

Write Data To Drives A or B 

WPRT 

17 

Drive Write Protect 

WREN- 

3 

Write Enable 

XSDO 

11 

External Source Decode Slave 
Address 

XSD1 

11 

External Source Decode Data 
Input MSB 

XSD2 

11 

External Source Decode Data 
Input LSB 

XSD3 

11 

External Source Decode CPU 
Bus Status 

XSD4 

11 

External Source Decode Data 
Buffer 

XSD5 

11 

External Source Decode Disc 
Drive Status 

XSD6 

11 

External Source Decode Seek 
End Status 

XSD7 

11 

External Source Decode Error 
Status Register 

XSD8 

11 

External Source Decode 
Bootstrap PROM 

XSD9 

11 

External Source Decode 
Configuration Switches 

XSDA 

11 

External Source Decode 

Literal PROM 

XSDB 

11 

External Source Decode RK06 
Switches 

XSDF 

11 

External Source Decode RAM 

Y00/Y07 

10 

Y-Bus Bits 0-7 

2ERO + 

10 

Zero Output of 2901 

.1KOV ^ 

15 

1024 Address Counter 

Overflow 


bed 
o r e 
the 
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(TABLE 5-7 CONTINUED) 


TeriTi 

2QI 

Descfiption 

AMF 

17 

Address Mark Found From 

Disc 

BA00^BA09 + 

15 

Buffer Address Counter Bits 
00-09 

BBS7L 

BUS (AP2) 

Bus Peripheraj Address Select 

B0S7 + 

4 

Peripheral Address Select 

BC4 + 

13 

Bit Count 4 From Bit Counter 

BOALOOL 

BUS (AW2) 

Bus Data/Address Line 00 

BOAL01L 

BUS (AV2) 

Bus Oata/Address Line 01 

BDAL02L 

BUS (BE2) 

Bus Data/Address Line 02 

BOAL03L 

BUS (BF2) 

Bus Oata/Address Line 03 


BUS (BH2) 

Bus Data/Address Line 04 


BUS (BI2) 

Bus Oata/Address Line 05 


BUS (BK2) 

Bus Oata/Address Line 06 

BOAL07L 

BUS (BL2) 

Bus Data/Address Line 07 

BOAL08L 

BUS {BM2) 

Bus Oata/Address Line 08 


BUS (BN2) 

Bus Data/Address Line 09 


BUS (BP2) 

Bus Oata/Address Line 10 


BUS (BR2) 

Bus Oata/Address Line 11 

i ! 

BUS (BS2) 

Bus Oata/Address Line 12 

BDAL13L 

BUS (BT2) 

Bus Data/Address Line 13 

B0AL14L 

BUS (BU2) 

Bus Oata/Address Line 14 

BDAL15L 

BUS (BY2) 

Bus Data/Address Line 15 

B0AL16L 

BUS (ACI) 

Bus Address Extension Line 

16 

Bus Address Extension Line 

17 

Bus Address Extension Line 

18 

Bus Address Extension Line 

19 

Bus Address Extension Line 

20 


BUS (A01) 




BUS (BD1) 


BUS (BE1) 


BUS (BF1) 

Bus Address Extension Line 

21 

Bus Data In 

BOINL 

BUS (AH2) 

BDIN + 

4 

Data In 

BDMGIL 

BUS (AR2) 

Bus DMA Grant In 

BDGOL 

BUS (AS2) 

Bus DMA Grant Out 

BDMRL 

BUS (AN1) 

Bus DMA Request 

BDOUTL 

BUS (AE2) 

Bus Data Out 

BOOUT+ 

4 

Data Out 

BEVENT 

BUS (BR1) 

Real Time Clock Control 

8FULE + 

3 

Enable Buffer Full 

BFULL- 

15 

Buffer Full 

BIAKIL 

BUS (AM2) 

Bus Interrupt Acknowledge In 

BIAKOL 

BUS (AN2) 

Bus Interrupt Acknowledge 

Out 


BUS (AT2) 

Bus Initialize—Clear 

BIRQ4L 

BUS (AL2) 

Bus Interrupt Request Level 4 

BIRQ5L 

BUS (AA1) 

Bus Interrupt Request Level 5 

BIRQ6L 

BUS (AB1) 

Bus Interrupt Request Level 6 

BIRQ7L 

BUS (BP1) 

Bus Interrupt Request Level 7 

BIT0-BIT10 

16 

Control Bits to Disc Drives 

BIT7 ^. - 

13 

“Complete Byte’* Output of 

Bit Counter 

BPOK-H 

BUS (BB1) 

Primary Power O.K. 

BPOK» 

4 

Primary Power O.K. 

BRPLYL 

BUS (AF2) 

Q Bus Reply 

BRPLY4> 

4 

Q Bus Reply 

BSACKL 

BUS (BN1) 

DMA Select Acknowledge 

BSYNCL 

BUS (AJ2) 

Bus Synchronize I/O 

BTSPF-t» 

2 

Bootstrap Flag 

BWTBTL 

BUS (AK2) 

Bus Write Byte 

BWTBT ^ 

4 

Bus Write Byte 

BYTCK ^ 

13 

Byte Clock 

COUT + 

10 

Carry Out 

CP1 

12 

Control Pulse 1 

CP2 

12 

Control Pulse 2 

CP3 

12 

Control Pulse 3 

CP4 

12 

Control Pulse 4 


Term 

Origin 

Description 

CPS 

12 

Control Pulse 5 

CP6 

12 

Control Pulse 6 

CP7 

12 

Control Pulse 7 

CRCER -J- 

13 

Cyclic Redundancy Check 

Error 

CR1-0/7 

9 

Control Register One Bits 0-7 

CR2-0/7 

9 

Control Register Two Bits 0-7 

CR3-0/7 

9 

Control Register Three Bits 0-7 

CR4-0/7 

9 

Control Register Four Bits 0-7 

CR5-0/7 

9 

Control Register Five Bits 0-7 

CR6-0/7 

9 

Control Register Six Bits 0-7 

CSA0 + /CSA9 + 

8 

Control Store Address Bits 0-9 

DA16 + 

3 

Extended Oata/Address Bit 16 

OA17-«- 

3 

Extended Data/Address Bit 17 

DAT0 + /DAT7 + 

14.15 

Data Buffer Bits 0-7 

0BWC1 + 

13 

Data Buffer Write Control In 

DBWS-= 

13 

Data Buffer Write Strobe 

DBWS1 

13 

Data Buffer Write Strobe In 

DB00 + /OB07 + 

6 

Data Bus Bits 0-7 

OB08 + /O815 + 

7 

Data Bus Bits 8-15 

DEN- 

6 

Data Enable 

DMGI + 

4 

DMA Grant In 

000 + /D07 -f 

2,3.4.9.11. 

12,14,17, 

18,19 

O-Bus Bits 0-7 

EADD-f 

3 

Enable Address 

EADO» 

6 

Enable Address 

EBITC-f 

3 

Enable Bit Count 

ECCO-J- 

19 

Error Correction Code Out 

EDATA + 

3 

Enable Data 

ENRD- 

13 

Enable Read Data Register 

ENWD- 

13 

Enable Write Data To Buffer 

FAULT 

17 

Drive Fault 

GO AT A 4- 

13 

Gated Read Data 

GSCLK-» 

3 

Gated System Clock 

GTIRQ4^ 

5 

Gated Transmit Interrupt 
Request 

lAKI-f 

4 

Interrupt Acknowledge In 

lAKIG- 

2 

Interrupt Acknowledge In 

Grant 

INDEX 

17 

Index Pulse From Drive 

INIT + 

4 

Initialize 

LXR0» 

11 

Load External Register Data 
Out MSB 

LXR1 -- 

11 

Load External Register Data 
Out LSB 

LXR2~ 

11 

Load External Register DMA 
Address MSB 

LXR3-- 

11 

Load External Register DMA 
Address LSB 

LXR4-= 

11 

Load External Register Data 
Buffer LSB 

LXR5-- 

11 

Load External Register Data 
Buffer MSB 

LXR6- 

11 

Load External Register Data 
Buffer 

LXR7- 

11 

Load External Register 
Extended Address 

LXR9- 

11 

Load External Register Drive 
Control Tags 

LXRA- 

11 

Load External Register Drive 
Control Bus Bits 

LXRB~ 

11 

Load External Register Vector 
Address 

LXRC- 

11 

Load External Register 

System Control 

LXRD~ 

11 

Load External Register 
Bootstrap Address 

LXRE- 

11 

j 

Load External Register CPU 
Bus Control 
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TABLE 5-8 - CONTROLLER SYMPTOMS 


Symptom 

Possible Causes 

Check/Corrective Action 

1. Green DIAG light on the 
controller is OFF. 

1. Microprocessor section of con¬ 
troller inoperative: 

a. Bad oscillator 

b. Short or open on board 

c. Bad IC 

d. PROMs not properly seated 

1. Controller/Place controller on extender 
board. With a scope, check the pins on 
the 2901. All pins except power and 
ground should be switching. Check for 
“stuck high" or “stuck low," or half-ampli¬ 
tude pulses. Check + 12V and -5V power 
and -H 5V at various IC’s. Check PROMs 

A1 through A7 for proper seating. Check 
oscillator. 

2c No communication be¬ 
tween console and 
computer. 

2c I/O section of controller “hang¬ 
ing" Q Bus: 

a. DEN always low 

bo Shorted bus transceiver IC. 

Co Bad CPU board. 

2. Computer Interface logic of controller/ 

a. Check signal DEN for constant 
assertion. 

b. Check I/O IC’s. Remove controller 
board to see if trouble goes away. 

(Ensure slot is filled or jumpered.) 

c. Run CPU diagnostics. 

3c No data transfers to/ 
from disc. 

3. Disc not ready, bad connec¬ 
tion, or bad IC in register sec¬ 
tion of the controller. 

3. Disc/Consult the disc manufacturer’s 
manual for proper setting of disc 
switches, or READY, NO FAULT, or UN¬ 
SAFE lights. Check cable connections. 

Controller Registers/Using ODT, examine 
the Drive Status Register. The DISC 

READY and SELECTED must be “one’s." 
Using ODT, deposit “ones" and “zeros" In 
the remaining disc registers and verify 
proper register data. 

4. Data transferred to/from 
from disc incorrect. 

4. Multiple Causes: 

a. Bad memory in backplane 

b. Noise or intermittent source 
of DC power in computer. 

c. Bad IC in disc I/O section of 
controller. 

d. Bad area on disc. 

e. Disc heads not properly 
aligned. 

4. Computer-controller-disc/ 

a. Run memory diagnostics. 

b. Check AC and DC power. 

c. While operating, check lines from con¬ 
troller to disc with a scope for short or 
open. 

d. Run the Format and Diagnostic Test 
program (Section 3). If errors occur at 
the same place on the disc. It is prob¬ 
ably a bad area on the disc. Assign 
alternate tracks as specified in Section 

3. 

e. Consult disc drive manufacturer’s man¬ 
ual and align heads. 

5. Intermittent failure— 
Controller runs for a 
short time after power 
is applied and then 
fails. 

5. Failure of heat sense 
component on controller. 

5. Isolate the bad component by using heat 
and cooling methods (heat gun, freon 
spray) and replace the bad component. 




LS74 



3453 ]) 74276 j) LS109 


74^8-n LS374 |!) SOO | ^ ) LS2 44 |) LS374 j) 8641 






































































































CQOA DISK CCfNTROLLER 


PAGE 5-56 


THEORY 

The controller mar be examined as three partss computer interface? disk 
interface and controller internal functions- Signals from and to the computer 
are described in Table 5-1. Signals from and to the disk drive are described in 
Tab1es 5—2 and 5—3- Figure 5—7 is a simplified block diagram illustrating the 
interfaces and some of the functonal components. Single lines in the 
illustration represent serial data and the ujider lines represent parallel data- 

FIGLIRE 5-7 - SIMPLIFIED BLOCK DIAGRAM 



< 

cc 

lu 

X 

CL 


• DATA INPUT REGISTER 

• DATA OUTPUT REGISTER 

« ADDRESS DECODE DRIVER 

• ADDRESS DRIVER 

« BUS RECEIVER/DRIVER 


• TIMING SOURCE 

• CONTROL CENTER 

• REGISTER STORAGE 

• DATA BUFFERING 

• SOURCE/DESTINATION DECODE 
« BOOTSTRAP LOADER 


• DATA RECEIVER/DRIVER 

• CONTROL DRIVER 

• DRIVE STATUS RECEIVER 
« ECC LOGIC 


C: o m p u t e r Interface 


The purpose of the computer interface is to (1) buffer lines between the Q-Bus 
of the 11/23-+- computer and the controller? and (2) to synchronize i nf ormat i on 
transfers. The controller is a slave device during initialization and 
status-transfer sequences- The controller is selected bv base address 777 440 . 
The controller is bus master during data transfers and either receives data from 
or outputs data to the computer memory via the 11/23+ DMA facility. 

The control lines reauest information transfers? select the type and direction 
of transfers? and synchronize the transfers. The control lines are 
uni-directiona1 and used for "bus arbitration." Eujs synchronization is fully 
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controlled bv the controller mi cr opr ocessor - This allou.«s the computer bus to be 
used bv other devices ujhen the disk controller is busy with internal functions 
and controller/disk data transfers^ 

Data bus driver/receiver registers 13H through 16H buffer the input data and 
distribute it as DB 00-"15 in the control ler^ The DB signals are routed to a 
data input NUX and address decode registers^ 


Output data and addresses from the microprocessor Y-Bus (Y00-Y07) is latched bv 
registers 13G through I 6 G 7 and transferred to the Q~Bus via bus driver/receivers 
13H through 16H. 


Note that the Device Enable signal (DEN-) is active when either Address Enable 
(EADD) or Data Enable (EDATA) signal is active. DEN controls the operating mode 
of all data and address driver/receivers 7 under control of the firmware? via the 
Y“Bus. 


Disk Interface 


The disk is connected to the controller bv separate data and control cables* A 
common control cable is daisv-chained to both drives in a mu 1 tip 1 e-drive 
configuration? while separate data cables are always used. 

Serial read data is received bv receivers 16C or 15C and then converted to 
parallel data bv the read/write shift register 9D In the reverse direction? 
parallel data from the data buffer is converted to serial data bv the shift 
register? then sent to data cable drivers. 


The Control Cable drivers TB? SB? 5^B? and lOB are always enabled and are driven 
bv the output of registers 9C and IOC? which act as latches to capture the Y-Bus 
data from the microprocessor. 


Control Cable receivers IIB and 12B suppIv data to the disk status 
register/mu 1ti p 1ever 13C at all times. The data is avai Cable to the 
microprocessor via the D-Bus when signal XSD5- is active. 


CONTROLLER INTERNAL FUNCTIONS 


The microprocessor is the timing and control center of the controller. The 
microprocessor is controlled bv instructions stored in programmab 1 e read-onlv 
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memorv ( PROM ) » The i ns t ruct i ons 7 called " f i rmuiare ? ” cause the mi croprocessor to 
operate in a prescribed manner durins each of the computer-selected functions. 
The functions are established br a series of instructions issued bv the 11/23 -h. 

Because the disk and computer transfer data at different rates? it is necessarv 
to buffer data soina to and from the disk. High-speed RAM allows a full sector 
of data to be buffered during read and write operations. 


All data transfer and computer/disk protocol is under microprocessor control. 
This feature allows modification of controller operating characteristics bv 
making only changes to the firmware. InPut/output logic remains essentially 
unchanged. 


The output from the microprocessor is the "Y-Bus." Y-Bus instructions govern all 
controller operations bv acting as the controller source for all receivers and 
drivers either directly or through the source/destination decode IC's- 

The "D—Bus" is the data input to the microprocessor. Tri—state drivers allow 


ma n y° signal so u r c e s t •:« b e c o n n e c t e d 
enabled by the source/destination decode 
D—Bus enabling signalss 


FUNCTION TERM 

Slave Address XSDO 

Data Input (MSB) XSDl 

Data Input (LSB) XSD2 

Q-Bus Status XSD3 

Data Buffer XSD4 

El i s k S t a t u s X SEi5 

Seek End/Unit Select XSE 16 

Er r o r Sta t u s XSEi7 

Boot PROM XSDS 

Switches XSD9 

Literal XSDA 

R K 0 6 S w i t c hi e s X S Ei 

Scratch RAM Enable XSDF 


t •:« the bus while o n 1 y o n e at a t ime is 
logic. The following list describes 


ENABLED 

16F 
14F 
15F 
1SF 
8F 
13C: 
140 
9F 
12F 
17F 
7H 
210 
SH 7 9H 


All data on the D—Bus is under control of the firmware as decoded by source 
PROMs IIH 7 15D. The microprocessor selects the proper input data by enabling 
one of the above lines. 
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The Y““B u s is the m i c r o p r o c e s s o r c* u t p u t» Output o f the m i c r- o c o d e PROM 5H is 
decoded bv 12H arid 17H to select the destination of the data, on the Y-E^us. The 
folloiuing list describes Y~Bus enab 1 ins sisnals" 


FUNCTION 

TERM 

ENABLED 

Data Out Resister 

LXRO 

130 

(MSB) 

Data Out Resister 

LXRl 

15G 

(LSB) 

DMA Address (MSB) 

LXR2 

14G 

DMA Address (LSB) 

LXR3 

16G 

Data Buffer Address 

LXR4 

lie?12D 

(LS.'B) 

Data Buffer Address 

LXR5 

12C 

(MSB) 

Data Buffer Load 

LXR6 

7 L ? yu 

Load Extended Address 

LXR7 

13D 

Drive Control (Tass) 

LXR9 

1OC 

Drive Control (Bus 0-7) 

LXR A 

9C 

Load Vector Address 

LXRB 

lOG 

S.ystem Control 

LRXC 

1SG 

Exte r na1 Eve n t 

LRXD 

22D 

Q—Bus Control 

LRXE 

17G 

RAM De s tination 

LRXF 

8H, 9H 


N i t hi t hi e s i n s 1 e e i-:: c e p t i «:• n «:«f b u s r e p 1 r detector- 21E ? all Y—B u s data and a d *;i r e s s 
activity is controlled bv the 15 sisnals shown aboveo 


Each LXR (Load External Resister) sisnal activates a resister^ which^ in 
conjunction with Y—Bus data^ latches the appropriate data wordo 


Control Resisters CRl throush CR6 are the outputs of the microcode PROMs. These 
s i sria 1 s con t r-c« 1 the mi cr-opr ocessor f unc t i c*ns and provide the data t«j t hie 
s«:«u r c e / d e s t i n a t i o n d e c o«J e 1 i:« s i c « 

Data Buffer- 


Data Transfers to and from the buffer are both two-step operationsc Firsts an 
entire sector of data is loaded into the buffer durins either a read or write 
operation. Once loaded? the buffer contents are then transferred to disk or 
11/23+ memory in a completely separate operatiorio Fisure 5-8 illustrates read 
and write operations to and from the RAM data buffer. 
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During a write operation? parallel data (Y00“Y07) is transferred from 11/23+ 
memorv via microprocessor to the write data register 8G. The data (DAT0~DAT7) 
is then transferred to the buffer lOD and IID Parallel data (DAT0~DAT7) from the 
buffer is then transferred to shift register PD? converted to serial data (U) 
DATA)? and transferred to the data cable driver 19A« 


During a read operation? serial read data (R DATA) from the data cable receivers 
is ANDED with Enable Bit Count (E BIT C) resulting in the signal G DATA. This 
signal enters the shift register F7 and is transferred as parallel data to the 
Read Data register SD? for transfer to the data buffer while the next bvte is 
being shifted through shift register 9D. The read data from the buffer 
(DAT0“-DAT7) is transferred to driver 8F to the microprocessor for transfer to 
11/2 3 + mem o r- y . 


The counter located at IIC? 12C and 12D is used to address the location in the 
buffer into which data can be written or read from. The counter has the 
capabilitv of being preset to a specific starting address via the Y-Bus of the 
rri i c r o p r o cess o r-. 


ERROR CORRECTION CODE (ECO LOGIC 


Functional Operation 


The ECC Generator does not correct errors? it generates codes during write and 
read operations and during reading generates a svTidrome. A sYndrorne is the 
result of merging check characters being read with check characters generated. 
A z e r o s v n d r- • me i ri d i c a t e s n o e r- r o r ; a I'l rt — z e r o s v n d r o me i n d i c a t e s a n e r r o r - 
This s Y- ri d r o me c o n t a. i n s all the i n f o r ma. t ]. o rt n e c e s s a r- v" to f i n d t h e e r* r- c» r 1 o ir a t i c* n 
and the error pattern? i.e.? to allow error correction. 


T}“ie err*or 1 i:«cat i on i s f ound b y* cou nt i ng thie rium b er of c 1 oc k p u 1 ses r• eg«j i r*ed t 
make the EP output go high. The error pattern is then available on the LPO—LP3 
and Q0~Q7 outputs and can be used to exclusive OR with data. Depending upon the 
position of switch S5 (location D17)? either the computer or the controller 
corrects the error. Note that some error patterns cannot be corrected. These 
are flagged to the computer. 


Component Des cription 

During a write operation? a 32-bit ECC is appended to the header record and a 
56~bit ECC is appended to the data record of each sector of information on the 
disk. ECC's are also generated while information is being read from the disk. 
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The codes generated durins* the read operation are compared with the e<=j«ji val ent 
codes previously written. Discrepancies detected (errors) are signalled to the 
fTi i c r- o p r- c» cess o r’ a n d c»:»r e c t e d i f p ct s s i b 1 e „ 

The ECC Generator (7E). also referred to as the Burst Error processor. is used 
in three different types of operations^ write, read, and correct. Detailed 
information about the ECC generator is given by an AND. AN9520/ZS065 product 
specification. 


During writing or reading, information is connected to the DO through D7 inputs 
of the ECC Generator. Select inputs 30 and SI determine whether a 32- or 56-bit 
polynomial is being used. The 32-bit polynomial is used for ECC header checks, 
and the 56—bit polynomial is used for data record check. The Data Buffer Write 
Strobe (DBWS) is the source of Clock Pulses (CP) to the ECC Generator. 


Control information for the ECC Generator from the Y—Bus is stored by LXR5 into 
E C C C c» n t r o 1 Register- 9 G. 


When NF- is asserted, the logic is initial izedo Asserting REP (Read Error- 
Pattern) makes outputs LP0-LP3 and Q0-Q7 active^ Control inputs P0-P3 are not 
u s e , T’hie EC:C Gene ra t o r- f un c t i o ri s se 1 ec ted by the CC)-C2 inputs ar e as f o 1 1 ows s 


L 

L 

H 

H 


C: 1 CO 

L„ L. 

L H 

H L. 

L L 

H L 


FUNCTION 

C o m p »j t e C' h e c h; Bits 
Write Check Bits 
Read Normal 
Load 

Correct Normal 


Check bit outputs Q0-Q7 are connected to the DAT0-DAT7 lines one byte at a time 
under control of REP and C0-C2:. The remaining outputs of the ECC Generator are 
s t cc r- e d in E C: C’ 'S t a t u s Register- 9 F b v' c 1 o c k G S C: L K« The rn i c r o p r- o cess o r- m o n i t r- s 
ECC status on the D-Bus during XSD7 time. 


Outputs LP0-LP3 (Located Error Pattern), together with outputs Q0-Q7> provide 
the 12-bit error pattern. Q7 is the MSB and LPO is LSB of the pattern. Outputs 
LP0-LP3 are active only when REP is asserted. Output AE (Alignment Exception) 
is asserted if the error pattern will not line up automatically during a 
correction seguence. This can occur because of the method of polynomial 
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division implemented in the ECC sienerator. 


Output EP (Error Pattern) is asserted ujhen the error pattern has been located 
durinsi the correction sequence- Output ER is asserted if an error was detected 
after the last check bvte had been read during a read function- 
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FIGURE 5-8 


DATA PATHS 


A. WRITE — MICROPROCESSOR TO RAM 



B. WRITE — RAM TO DISC 



C. READ — DISC TO RAM 



D. READ — RAM TO MICROPROCESSOR 
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+12 VOLT TO -5 VOLT POWER SUPPLY 

Th<^ +12 to -5 volt power supply is a dc-to-dc converter that produces the -5 
volts required for the current mode line driver to the disk(s). 

Input power is obtained from the +12 volts on the backplane. Oscillator R19. 
C 67 14A provides rectangular pulse that drives current switch Ql. When the 
oscillator turns 01 on^ +12.'V is applied to LI and an increasing current is 
produced. When the oscillator turns off 01^ the energy stored in LI produces a 
negative voltage (at the top of LI )7 charging diodes C4 and C5 through diode 
CR1« Successive oscillator pulses cause the voltage across G4 to build up 

to approximately -5 volts. Circuit 21A is a zener-referenced regulator that 
produces a threshold control voltage that regulates the duty cycle of the 
oscillator drive voltage applied to Ql (increasing or decreasing *’0N" time). 
Circuit 21A thus controls the energy stored in LI to maintain and regulate the 
voltage on GS^ G4 at -5 volts under normal load conditions. 



CHAPTER 6 


MQ SEMICONDUCTOR MEMORY 


INTRODUCTION 


The MQ memorY card is an add—in memorv for the FHL PowerFrame SYstem- The 
standard memorY capacitY of the MQ memory module is 512K iLiords br IS bits 
(529,288 words ;•< 18 bits)c Optional memory capacity is available upon reauest^ 
See Tab 1 e 6*“ 1» 


TABLE 6-1 - 

MEMORY CAPACITY 


MEMORY SIZE 

NO. OF DATA BITS 

CSR 

64K Words 

16 Bits 

No 

64K Words 

18 Bits 

Yes 

12SK Words 

16 Bits 

No 

1 2SK Words 

13 Bits 

Yes 

256K Words 

16 Bits 

No 

256K Words 

IS Bits 

Yes 

512K Words 

16 Bits 

No 

512K Words 

18 Bits 

Yes 


O p t i o n s 


BatterY backup can be utilized on this module- The ■+•5 battery backup voltage 
pins are compatible with those that FHL provides on the MSVll-L MGS memory card. 
Table 6—2 s»ives Jumper requirements. 


TABLE 6-2 - BATTERY BACKUP 

W1 W3 

I I 

R R 


For +-5 battery backup 
F o r n o n - b a 11 e r- v b a c k u p 


W4 

R 

R 
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■«“ I ~ I ns ta. 1 1 
R = R iTi Cl V e 

This module has the capabilitv for address decodins^ up to 2 mes«aajords 
(4MB)- Table 6-3 gives Jumper settings for this option- 
TABLE 6-3 - ADDRESS RANGE 

J23 J24 

For 123KUJ Address Range R I 

For 2MW Address Range I R 

I = I Tf s t a 1 1 
R = Remove 


The Cc-'R can be enabled or disabled bv installing and removing the 
proper Jumpers. Table 6—4 s h o uj s the selections. 

TABLE 6-4 - CSR OPTION 


For CSR Enabled 
FCl r C3.R D i sa b 1 e d 

^ I = Install 
R = Rerriove 

The MQ256 has on-board parity generation and checking. The I/O page is 
fact ij r y set for 4 L l*J. 


kl Cl d e s o f IJ p e r- a t i o n 


The MQ2.'56 memory module is capable of operating in the three modes reauired by 
the 11/ 2.3+ s y s t em - 

1. DATI (Read) 

2. DATO, DATOB (Write) 

3- DAT10, DATIOB (Read-Mo dif v-Write) 

The read modes operate on the full 16—bit memory word. The write modes operate 
either on the full word or a byte basis. The memory provides its ou/n refresh 
timing and addressing. 



Timing 
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The MQ256 performance for access and cvcle time is listed in 
500ns mav be added to the cvcle times if the memorv is doina 
mhen a memorv cvcle is requested. Cvcle time is defined as 
nesTated at maximum allowable bus speed. DATI 

defined as internal SYNC H to RPLY H with 25ns from SYNC to 
c V c 1 e access time is d e f i rt e d as i n t e r n a 1 ‘SYNC H t o RPL Y 
SYNC H to DOUT H. 


Table 6~5. Up to 
a. r* e f r“ e s h o pe r a t i c« n 
SYNC H to SYNC H 
cVc1e access time is 
DIN H. DATO (B) 
H with 50ns from the 


TABLE 6~5 ~ ACCESS AND CYCLE TIMING 


MEMORY FUNCTION 


BUS CYCLE TYPE ACCESS 

TIME (MAX) 


CYCLE 
TIME (MAX) 


Re.ad 
Wr i te 

Read-Modifv~Write 


DATI 

DATO (B) 
DATIO (B) 


1‘POns 
90 ns 
700ns 


490 n s 
390 n s 
1000 ns 


Timins values stiver are referenced to 1.-50 level. 


P o we r Require me n t s 


Table 6-6 is a list of power requirements needed for the MGI256 memorv module. 


TABLE 6-6 - POWER REQUIREMENTS 

SUPPLY VOLTAGE OPERATIONAL CURRENT REQUIREMENTS 

STANDBY OPERATING 

■^5V 5V +/- 57. 2.S A 4.0 A max 

+5VBB 5V +/- 57. 1.5 A 1.6 max 


EnVir o nme n ta1 Specificatio n s 


The MQ256 is desisned to operate in a variety of environmental conditions, 
i. n •: 1 u d i n s s 

^ Temperature — Ambient air temperature ranse of O C to -^50 C 

Thermal Shock - The memorv can withstand a thermal shock with 
a maximum rate of chanse of 30 C per hour durins operation. 

Humiditv ” The MQ256 can operate from 107 to 907 relative 
h !jm i d i t r (with! ou t c o n de n sa t i o n ) . 
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Shippins and Storas^ 

Temperatur-e During shipment or storasie7 a temperature ranse 



of -40 

C t.: 

:i +o5 C can he uji t hi s t 

«:«o d b V the 

m e m o r 

m 


•Hr 

Therma1 

Sh <; 

:• c k - A thermal r - a t e 

f c hi a ri g e 

as h i g 

h as 

10 C per 


minute 

can 

be tolerated bv the 

memo rv. 





A1 t i t u «:l 

e — 

A shipping altitude 

of 40^000 

feet c 

an be 

lu i t h s t o 0 d 


Dime n sio n s 


Table 6-“7 p i ve s d i me n s i o n s o n the ML-1256 memo r v mo d u 1 e « 


TABLE 6-7 - DIMENSIONS 


PCB Thickness 

Width 

Length 

M a c»:«m p o n e n t hi e i g h t 
T ct t a 1 t hi i. c k n ess ma 


»056 inches 
lOo 457 inches 
930 inche s 
.375 inches 
.490 inches 


auad modu1e 
(inc1udes hand 1es) 
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THEORY AND OPERATION 


I n t e f' f a e Specifics, t i n 


Bus Receivers 

I npu t Low Vo 1 tase 1c.'V maximum 

Input Hish Voltage 1.7V minimum 

Mai n«um i ri pu t c u r- re n t when c o n ne c t e d t o 3« SV i s SOu A e ve n w i t h n o 
power app]ied, 

Bus Drivers 

Output low voltage when sinkins 70uA is .7V« Maximum output hish leakage 
current when connected to 3e8V is 25uA even if no power is applied- 


Interface £• i s ri a 1 s 


Table 6—8 sives a list of input control sisnals to the memorvo The memorv 
module presents one standard bus load to the 11/23-^* SYstem bus for each of the 
f o 1 1 ow i ns! s i a na 1 s s 

TABLE 6-8 - CONTROL SIGNALS 

SIGNAL NAME CONNECTOR PIN 

BDOUT L 
BDIN L 
BSYNC L 
BWTBT L 
BBS7 L 
BDCOKH 
BINIT L 


De s c r i p t i o n o f Co n t r o 1 S.’ i s na 1 s 

BDOUT L - When this signal is asserted it indicates that a write 
CYcle (DATO), or the write portion of a Read-Modifv-Write cvcle 
(DAT10) is to be performed bv the memorv- 

^ BDIN L - When this signal is asserted it indicates that a read 
cycle (DATI) or the read portion of a Read-Modifv—Write is to 
be pef'f ormed b r memc«rv°. 


AE2 

AH2 

AJ2 

AK2 

AP2 

BAl 

AT2 
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* BSYNC L - When this signal is asserted? it indicates that a valid 
address is on the bus. When the address is in the operating range 
of memorY? BSYNC uill also initiate a memorY CYcle. The tYPe of 
memorY cYcle will be determined bv BDIN? BDuUT? or BWTBT, 

* BWTBT L — When this signal is asserted during a leading edge of 
a BSYNC signal? it indicates a lurite CYcle is to be performed 
(DATO? DATOB). If asserted during the duration of a BDOUT? 

a bYte write (DATOB? DATIOB) will take place. The bvte to be 
written is determined bY the state of BDAIO during the leading 
edge of BSYNC. BDAIO = O indicates Brte 0; BDAIO = 1 indicates 
Brte 1. 

* BBS7L ~ When this signal is asserted? it indicates an I/O oper¬ 
ation- If address bits 1—12 match the CSR address? then a CSR 
Write or Read will occur- 

* BDCOK H - This signal goes active high for 3ns minimum? after- 
DC power is applied. It falls low 5u minimum before DC 
voltages are out of tolerance. It is used to prevent the memorY 
module from being selected or power up or power down. 

BINIT L - The MQ256 uses this signal to reset the Control and 
Status Register (CSR). 


Description of Output Signals 

Tab1e 6—9 gives a list of output signals. 

TABLE 6-9 - OUTPUT SIGNALS 

SIGNAL NAME CONNECTOR PIN 

PARERR ACl (BDAL 16) 

ADI (BDAL 17) 

BRPLY AD2 

PARERR 

BDAL 16 is used to indicate memorv paritY error. 
BDAL 17 is the memor y 


enab1e line. 
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^ BRPLY 

This siE?nal is sers^rated bv the memory module to iridicate that it 
has placed its data on the BDAL bus^ or that it has accepted 
output data from the bus* 


I / 0 C: «j n n e c t c« r Pin List 


The I/O Connector Pin List for the memory card is shomn in Table 6““1CL 
TABLE 6-10 - I/O CONNECTOR PIN LIST 


COMPONENT SIDE 

PIN 

PIN 

SOLDER S 

A C o f! ri e c t «:i r- 





A1 

A2 

+5 Volts 


B1 

B2 


BDAL16 L 

Cl 

C2 

Ground 

BDAL17 L 

D1 

D2 


+5V BATT (option) 

El 

E2 

BDOUT L 


FI 

F2 

BRPLY L 


HI 

H2 

BDIN L 

Ground 

J1 

J2 

BSYNC L 


K1 

K2 

BWTBT L 


LI 

L2 


G r o u ri d 

Ml 

M2 

BIAKI L 


N1 

N2 

BIAKO L 


PI 

P2 

BBS? L 


RI 

R2 

BDMGI L 

Gr o u n d 

T1 

T2 

BINIT L 


U1 

U2 

BDALOO L 

■+■50 BATT (option) 

01 

02 

BDALOl L 


B C o ri ri e «z t o r 




BDCOK H 

A1 

A2 

+5 Volts 


B1 

B2 


BDAL 16L 

Cl 

C2 

Gr o u n d 

BDAL 19L 

Di 

D2 


BDAL 20L 

El 

E2 

BDAL02 L 

BDAL 21L 

FI 

F2 

BDAL03 L 


HI 

H2 

BDAL04 L 

G c« u Tf d 

J1 

J2 

BDAL0:5 L 


K 1 

K2 

BDAL06 L 
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Grourid 


Ground 


+5 Volts 


G r o u n 6 


LI 

L2 

BDAL07 

L. 

Ml 

M2 

BDALOS 

L 

N1 

N2 

BDAL09 

L 

PI 

P2 

BDALIO 

L 

R1 

R2 

BDALl1 


SI 


BDAL12 

L 

T1 

T2 

BDALl3 

L 

U1 

U2 

BDAL14 

L 

VI 

V2 

BDALl3 

L 


A1 

A2 

+5 Volts 

B1 

B2 


Cl 

C2 

Grourid 

D1 

D2 


El 

E2 


FI 

F2 


HI 

H2 


J1 

J2 


K1 

K2 


LI 

L2 


Ml 

M2 

BIAKI L 

N1 

N2 

BIAKCi L 

PI 

P2 


R1 

R2 

BDMGI L 

SI 

•r* 2 

BDMGO L 

T1 

T2 


U1 

U2 


VI 

V2 



A1 

A2 

•+•5 Volt 

B1 

B2 


Cl 

C2 

G r- c« u n d 

D1 

D2 


El 

E2 


FI 

F2 


HI 

H2 


J1 

J2 


K1 

K2 


LI 

L2 


Ml 

M2 


N1 

N2 


PI 

P2 


R1 

R2 


SI 

C; 


T1 

T2 


U1 

U2 


VI 

V2 



G r o u n d 
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T i IT! i n g 


Tim ins is done bv us ins a 200ns d<i‘'laY linfe* fed bv the Read/Write flip flop and 
the refresh srant flip flop. Appropriate taps are selected for enable RAS and 
CAc> latches. CAc« is disabled durins a refresh cycle; therefore only a RA'8 
r- e f r- e s h c y c 1 e is pe r* f o r me d . 


The follomins figures are the timing charts of DATO-? DATOB (Figure 6-1); DATI 
(Figure 6-2) and DAT 10, DATIOB (Figure 6-3). 
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FIGURE 6—1 — EiATO or DATOB 


R Dal. (3) 



R ADDF{ 


3/NC 

1 / 

X 

25 

roio 


75. 

— ? 

(r- 

Dour 

nain 





Rpuy 




n 

300 

\ 






bst \ 

< 

0 

/ 

V 

f3) 




— ^ 

25 

mnio 


(3) ^ 

Y 

\ 

/ N 

assertion “BYTE / 

(3) 


€- 25nr)io 


1« Timinsi shown at Bus Driver Inputs and Bus Receiver Outputs« 

2. Signal name prefixes are defined below: 

T. Bus Elr i ve r Input 

R» Bus Receiver Output 

3 . El o n ■’ t c a. r e c o n d i t i o r i 
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C: c« rs t r o 1 a. ri d 1 a. t »j s Resist e r- 


The MQ256 uses the Control and Status Resister (CSR) for prosram cor«tro1 of 
certain paritv functions and contains diasnostic information, should a pari tv 
error occur» The CSR has a Q-Pus Addresso Therefore, it can be accessed bv a 
bus master. Bus INIT (L) uji 11 clear some of the CSR bits (see Sisnal 
Description for an itemized list). Bus INIT is asserted on system Power Up or 
bv a reset instruction* Refer to Table 6—14 for CSR Address selection, and 
Table 6-11 for CSR Bit allocation. 

TABLE 6-11 - CSR ALLOCATION 



EXTENDER 

CSR READ 
0NIABLC 


NOTE " ijSR Bits 01, 03, 04, 12, 1 3 a r e n o t used b . t he 
C2*R- These bits will always be read as I s. 

Writ ins* into these bits will have no effect on 
the C2.R. 

CSR Bit O: Parity Error Enable- This bit is a Read/ 

Write bit and is set t«:• a 0 n a Bus INIT or a P•:«wer 
Up. If a parity error should ever occur on either a 
DATI or DATO(B) cycle to memory and CSR Bit 0 = 1, 
then BDAL 16 and BDAL 17 will be asserted (L) on the 
bus s i m u 1 t a ri e o u s 1 y with data. 

^ CSR Bit l: Not Used. 

C SR Bit 2 s W r" i t e W r- «:• rs p Pa r i t v s W ft e n t hi i s b it is s e f 
t o a 1 a n d a D A TO ( B ) «•: v c 1 e t o m e rri o r v o c curs, t h e p a r i 1 
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RAMs will receive wrong parity dataa The bit is a 
ma i n t e rja n c e bit used t o c: e c I-:: pa r i t y- e r r o r 1 •:« g i c a n d 
CSR failed address i nf orrnat i on« The bit is a Read/ 
Write bit — F' we r U p c* r- Bus INIT sets t hr i s b i t t o a. C) - 



USR 

Bit 3: 

Not 

Used. 


CSR 

Bit 4: 

Not 

Used« 


CSR 

Bits 5- 

1 1: 

These are F(ead/Write bits, and are not 


cleared bv Bus INIT or Power Up« If a parity error occurs 
on a DATI or DATO(B) memory cycles then address bits All— 
A17 are stored in CSR bits 5-11 and address bits A1S-A21 
are latched.. On 1 v one read is required on t h e C:c*R for 
12SKW systems (IS bit address). For systems larger than 
12SKW (22 bit address) a secorid read of the CSR must be 
done. The use of CSR bit 14 is reauired to do this. The 
parity error address will be narrowed to a IK segment of 
memory. 



CSR 

Bit 

12: 

Not Used. 



CSR 

Bit 

18 : 

Not Used. 



CSR 

Bit 

14: 

E>:: t e n d e d C2;R Rea d Enable: T h i s b it is n o t 



»j s e d o ri a. 12 SK W s v stem a ri 'i is read as a 0 . 3 y s t e rrt s wit hi 
rn «:»re t h a n 12Sh:‘W use this h« it t c« read ad d r- e s s h« i t s A1.9-A21 
which are stored in CSR bits 5 through 8^ respectively. 

When reading a parity error address larger than 12SKW^ the 
first step is to set CSR bit 14 to a 0? then read the CSR. 
Bits 5-11 of the CSR will contain address bits A11-A17. The 
s e c o ri d step is t o s e t il' SR bit 14 to a 1 t hi e ri read the CSR. 
Bits 5-8 will contain address bits A1S“A2‘1, The CSR will 
isolate the f a i 1 i ri g a d r- ess to a 1 K s e g me n t ci f me m o r y’ , 

This bit will be set to a 0 on a Bus IMIT or a Power Up, 
and is a Read/Write bit. 

CSR Bit 15: Parity Error: This bit will be set to a 1 if 

a parity error should occur. This is a Read/Write bit and 
a Power Up or Bus INIT will set this bit to a 0. 

Pa r i t Y Ge n e r a t i «:«ri a n d C: hie c k i n g 


The MQ256 has the provision on 
parity generator and checker 
(DATO) parity is generated per 
c:hiec k ed per* b y' te , 


board for¬ 
is d Cl n e c« ri 
b y t e . G ri 


parity generation 
a per byte basis, 
all r- e a d c c 1 e s 


and checking- 
On all wr i t e c y «: 
(DATI) parity 


A 

lies 
i s 
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If a F^aritv error should occur on either bvte^ a paritv error signal is gated 
ortto the BDAL 16 and BDAL 17 Q-Bus lines. These signals are checked bv the 
p r Cl r e s s Cl r «.i u r i n g t ti e m e iti «j r v r e a d D ATI c v c 1 e . 


T hie pa.r i t v c i r •! u i t r- y c a n lite f u n c: t i c* na 1 1 v c hie c k e d b y u.« r- i t i ng a 1 i n t o C:SR Bit 2: ^ 
U-ihich causes bad paritv to be luritten during a DATO cvcle. By doing a DATI .at 
the same address the parity ERROR signal ujill be set to BDAL 16> BDAL 17. 


Re s e r Ve id I /0 Spac e 


When BanK S-elect Seven (BBS7 L) is asserted? the memory is deselected during I/O 
operations. BBS7 L is also used to determine if CSR address selection occurs. 
The MQ256 is factory set for a 4KW I/O space. 


Mec hanical De s criptio n 


The MQ256 is completely contained on one multi-laver printed circuit module. 
T hi is me m c* r- y m «:• d u 1 e is d e s i g ri e d to p 1 u g direct! v i ri t«:« t hi e s t a ri d a r d H92 7 0 
("auad")? the H9273A LSI-11 backplane/card guide? the H9275 11/23+? and the FHL 
expansion unit. 
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INSTALLATION 


I n t r- o d ij c t 1 ' j ri 


This section contains basic information for installation of the MQ2G6 mernor v 
module. The MQ256 can be installed in and is electrically compatible luith the 
ll/23'+» system. No SF>ecial tools are required for installation of the MQ256, 


P r e 1 i m i ri a T' y P r «:• c e d u r e 


Run all system exercisers on the system prior to installation? to insure system 
intearity. If a problem is found it should be noted and fixed before proceeding 
with the installation of the iTiemory card- 


Startins Address Se1ection 


Jumpers J4-J12 provide the starting address selection. Tables 6-12 and 6--13 
aive a detailed list for startina address selection. Starting address selection 
i s done i ri 4L increments, ‘ For- addresses 1 ar s e r* t ti a. n 1 2 SK W? J23 iti ‘js t be 
installed. Tables 6-12 and 6-13 are used toaether for starting address. Refer 
t Cl Figures 6—4 and 6—5 f o r pr o pe r o r i e n t a t i o n o f J um pe r- 1 o c a t i o ri s . 


CSR Address Select!o n 


T l"i e M Q25 6> c c« n t a. i n & a n «:i n b o a r d C o ri t r o 1 and .'E: t a t u s Register ( C S R ) m h i c I'l c: c« r 1 1 a i ri s 
error information in the event of a parity error. There are eight possible CSR 
addresses which are listed on Table 6-14. Refer- to Figures 6-4 and c-—5 foi 
proper orientation of Jumper locations- 


M e m c» r- v S i z e SJ e 1 e c t i o ri 

The MQ256 may be set from a minimum of 64KW to a. maximum of 512KW, Table 6-15 
lists Jumper settings for selecting memory size. 
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E A- 12 - ADDRESS SELECTION 


I 

SI APTlfJG 



JUMPERS** 


1 

ADDRESS* 

J4 

J5 

J6 

J7 

1 — 


--- 




1 

• OK 

0 

0 

0 

0 

1 

4K 

1 

0 

0 

0 

i 

8K 

0 

I 

0 

0 

1 

12K 

I 

I 

0 

0 







1 

16K 

0 

0 

I 

0 

1 

20K 

I 

0 

I 

0 

1 

24K 

0 

I 

I 

0 

1 

28K 

1 

I 

I 

0 




1 

32K 

0 

0 

0 

I 

1 

36K 

I 

0 

0 

I 

1 

40K 

0 

I 

0 

I 

1 

44K 

I 

I 

0 

I 


I 


1 

4&K 

0 

0 

I 

1 

J 

52 K 

I 

0 

I 

I 

1 

56K 

0 

I 

1 

I 

j 

60K 

I 

I 

1 

I 




( 

64K 

0 

0 

0 

0 

1 

68K 

I 

0 

0 

0 

1 

72K 

0 

I 

0 

0 

1 

76K 

1 

I 

0 

G 




( 

80K 

0 

c 

1 

0 

1 

84K 

I 

“0 

I 

0 

1 

88K 

0 

I 

I 

0 

1 

92K 

I 

I 

1 

0 




1 

96K 

0 

0 

0 

I 

1 

lOOK 

1 

0 

0 

I 

1 

104K 

0 

I 

0 

1 

f 

108K 

I 

I 

0 

I 





112K 

0 

0 

1 

I 


116K 

I 

0 

I 

I 


120K 

0 

I 

I 

I 


1 24K 

1 

I 

1 

I 

i 




^ ^a. «„ «»=. 



I 

J8 I 

0 I 
0 I 
0 I 
O J 
I 

0 I 
0 I 

0 I 
0 I 

0 t 
0 I 
0 I 
0 I 

0 I 
0 I 
0 I 

0 I 

I I 
I I 
I I 
I I 

1 I 
I I 
1 I 
I I 

I I 
1 I 
I I 
I I 
I 

I I 
I I 
I I 
I I 


O = Removed 

Note 1 

1 = Installed 

’f’f Standard configuration External address option 

Jumper 24 Installed 
J23 removed 
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TABLE A- 


3 - JUMPER 23 INSTALLED 


address 



JUMPERS** 


RANQE 

J9 

JIO 

11 

J12 

0K“12ftK* 

0 

0 

0 

0 

OK-128K’«« 

0 

0 

0 

0 

12eK-256K 

I 

0 

0 

0 

256K-384IC 

0 

I 

0 

0 

3»4K-512K 

I 

I 

0 

0 

5l2k-640K 

0 

0 

I 

0 

640K-768K 

I 

o 

I 

0 

TSSK-SPSK 

0 

1 

I 

0 

896K-1024K 

I 

r 

I 

0 

1024K-1152K 

0 

0 

0 

I 

11E2K-1280K 

I ' 

0 

0 

1 

1280K-1408K 

0 

I 

0 

I 

140eK-1536K 

1 

T 

Q 

I 

1536K-1664K 

0 

0 

X 

I 

16e4K-L792K 

1 

0 

I 

I 

1792K-1920K 

0 

I 

I 

I 

1920K-2048K 

I 

I 

I 

I 


Address Range Selection 


Note: 


0 = Bemoved 
I = Installed 


♦ Non Extended Address 


Extended Address Option 
<724 removed 
J23 installed 
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E 6-14 - CSR ADDRESS SELECTION 


22 Bit 

csa 

Address 

10 Bit 

CSR 

Address 

J1 

JUMPERS 

J2 

J3 

17772100 

7721D0 

I 

L 

I 

17772101 

772102 

0 

1 

I 

17772104 

772104 

I 

0 

I 

17772106 

772106 

0 

0 

X 

17772110 

772110 

I 

I 

0 

17772112 

772112 

0 

1 

0 

17772114 

772114 

I 

0 

0 

17772116 

772116 

0 

0 

0 


0 = Remove 
I = Install 


.E 6-i; 


MEMORY SIZE SELECTION 


MEMORY 

SIZE 

65KW 
1 Z8KW 
256KW 
5l 2KW 


JUMPERS 

J27 J28 J29 J30 J25 j: 



0 = Rerjuove 
I = Install 


H M o o o o I I ^ looo 
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TABLf 


6-16 - JUMPER DEFINITIONS 


JUMPER 

PURPOSE 

J22r J15, J14 
J18, ai9 

Factory Test Aid 

021, J16, jn 
J17, jao 

Factory Test Aid 

J24 

Extended Address 
Option 

d23 

Extended Address 
Option 

Wl, W2, W3 

+5 Battery Supply 

W4 

+SV Supply = 

J31 

CSR Ena'ble 

J32 

CSR Disable 


CONFIGURATION 

* Standard ConElguration 
R = Factory Test Only 

I = Factory Test Only 

* R = Standard Configuration 

I = 128K Word Address Range 
** R 2 Mega Word Address 

■Range 

I = 2 Mega Word Address 

■Range 

R = 12eK Address Range 

1 = Battery BocJt-up option 
< R = Hon Battery BacK-up 

* I = Non Battery Bacy-np 

R = ■Battery Bacx-np option 

* I = Standard Configuration 
K = eliminate CSR 

I = Eliminate CSR. 

* R 5= Standard Configuration 


r ■= Install 
R s RcTOove 

*■ Standard Configuration 

dumpers will "be factory set to 
customers configuration 
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Ad d on In s ta1 1 atio n 

A» Set all peripherals to "unload'* condition. 

B. Turn svstem poiuo^r off at this time. 

CAUTI ON: DO NOT INSTALL t he memo r v mo d u 1 e u.« i t h Pou«e r 

t Cl t he bac I-:; p 1 arie - Eiamage t o m erri«:«r y iti a v rj r c ur . 

il" „ V e r i f V . j ij m p e r c o nf is ur a. t i o n f o r start i n s a d dress - C S R A d d r e s s ? 
and rnemorY size. 

D. Install memorv module carefully into the selected slot. Insur 
that t hi e •! c« m p c« n e n t side faces t hi e c o r- r e c t d i r e c t i c« ri a ri d t hi e rn o 
is a 1 i 9 ri e d in t hi e c a r d s u i d e s . Ca u t i o n s hi c* u Id h« e t a. k e ri n c« t t o 
components to rub adjacent modules. Press FIRMLY when module 
backplane connectors makins sure module is seated properly. 

E» Turn system power "ON", 

F - R u n me rnr y d i. a 9 n ci s t i c s , (-Se e f c* 1 1 «:i ui i n 9 sec t i r i ) 


e 

d u I e 
a 1 1 c* u* 
e naaae s 
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TROUBLESHOOT ING 


I n t r o «-J ij c 1 1 n 


T f"i i s s <=■ 1 1 «ri d e s «•: r- i. b e s hi •:« uj t «:• u se t hi e rri e m »:• r v 
isolate a failure in memorv to a faulty RAM. 
p r o c e d u r • e s a r • e u s e d o n p r- o c e s s r s lu i t hi n o 
s Cl f t lua. r- e s iij 1 1 h reals t e r lu i 1 1 h«e i n L o c a t i «:«ri 


d i a a n •:« s tics t o t r c« u h« 1 e s hi c« c« t a. n cl 
S t a ri da r d XX DP 1 oa d :i ris and s t a r t i n a 
hardiuare switch registers? the 
176- 


Z f-:" MAS T hi i s cl i a a ri c« s t i «: uj i 1 1 test C)—2 5 6 f-" B c« f rn e m c» r v o ri the 11/ 2! 3 + c o n i f' u t e r « 


w i thi c.' e 11 i. n a S-’ u iti m a r- y s 


BIT 

15 (i 00000); 

SW15=1 

Halt on Error 


BIT 

14(040000) ; 

SUJ14:=1 

L c« c« p »:• ri Test 


BIT 

13(020000 ); 

SW13=--1 

I n hi i b i t E r- r* «:• r- F' r - i ri t c* u t 

s 

BIT 

1 2 (0100 Of) ) ; 

SW12=1 

Enable Testina Above 2 

SK 

BIT 

11(004000) ? 

SWl 1:^-1 

Enable Parity Testina 


BIT 

10 ( 002000) ; 

SN10=1 

Ha It A f t e r Each Test 


BIT 

09 ( 001000) ; 

SU)09= 1 

I ri hi i b i t F'r oa r am Re 1 o ca t i o n 

BIT 

08 ( 000400 )" 

SW08=1 

Type First Failure in 

4K Bank 

BIT 

07 ( 000200 ); 

SW07=1 

Lona Gallop Test ^ 


BIT 

06 ((TOO 1 00 ) ' 

SW06=1 

I n hi i hi i t M e iti o r* y 3: i z i n a 


BIT 

(“)5 ((T(.")(")(!)4(1)) ; 

SUJ05^1 

Inhibit End Pass Printouts 

BIT 

(T4 ((■)(T(T(:)2(T ) ; 

SUI04 = 1 

I n hi i hi i t F' r- i n t c» u t s 


BITS 

3-(T 

SW3--0 

13 e a i r i n i ri a Test N u m b e r 



C AUT I LiN : T h e 1 o n a Ga 1 1 o p Te <= t will i n c r e a s e 

t e s t 1 1 me s hi v* a fact o r- o f 2:5. 


Runnina ZKMA 

1 . L„ c» a. d p r - ci s r a. m Z K M A 2* ? i ri t o rn e ri i «:• r v ( L Z h:.' M A 7’ C” C: R I> ) - 

2-. :Be 1 e c 1: ij p t .i c* n s b v s e 11 i n a hi 1 1 s i ri t ij t hi e switch r e a i s t e r-. R e f e r- 

to the above sajitch settinas. NOTE: Normal switch settinas would 

be bits 11 an d 12 set ( 0140f)0 ) . 

‘7:. 3-'tar t pr- oa r ani t e s t i ria ( 3: -CC:R7-) . 

4. A pass with no errors detected will appear similar to the followina 

sample p r- i n t o u t: 


000000-757777 

PARITY 
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TST13 BNK 0 
TST13 BNK 1 
TST13 BNK 2 
TST13 BNK 3 
TST13 BNK 4 
TST13 BNK 5 
TST13 BNK 6 
RELOC 

TST13 BNK O 
END PASS 1 


T hi e f«j 1 1 .j 0.1 i ri ?? is a n a >:: a. m p 1 e c* fat v p i c a 1 err’ c« r- rii e s s a s €> p r i n t * :• u I 


LOCATI ON 

GOUD 

BAD 

PC 

ERROR 

177210 

177777 

177776 

1625 

10 


PASFLG 
t TSTO] 


LOCATION FAILING MEMORY LOCATION 
GOOD = GOOD DATA (DATA THAT WAS EXPECTED) 
bad == BAD DATA (DATA THAT WAS FOUND) 

PC = PROGRAM COUNTER AT ERROR CALL 
ERROR FAILING ERROR NUMBER 

PASFLG = CONTENTS OF ERROR PASFLG (THIS MAY NOT BE RELEVANT) 


i.i sing t} i a a In n v e p n i n t out as a ri e a. rn p 1 a ? t hi a f a i 1 tj r- a w a u 1 d In a f a u n • j i n h hi a 
address range 0“"12SKB (177210 is batojaan 0 and 00377776) « The failing bit o.iou 1 d 
be zara' this is datarminad bv camparing gaad data oiith bad data (177777^-177776 
= 000001), Using Figure 4~1, the failing RAM is found to ba in the first ram of 
RAMs (Ul-UlS). Since it is knoiun that bit 0 is bad? the faulty RAM must 
there fare be Ul, The PC? ERROR and PAsFLU information are not normal 1v needed 
t ij d a t a r rn i r i a t hi a f a i 1 i I'l g RAM and a r- a ri i:« t n a a d a d i n t hi i s a ;< g. m 1 a . If t h a v e r e 
needed? refer to the diagnostic listing for ZKMA, 


Z Q M C ‘ T hi i s p r •:« gram hi a s t h a a t« .i 1 i t y to test me rn c* r- y- f r- a m a d d r a s s 000000 t tj 

757777? ( C) 2' 4 F: K B a f mam a r y ) ? •:« r i t hi e 11 / 2 F; + process c* i « 


uj i thi 'F e t ting u m rn a r- r 


BIT 

J ( 1 OOOOO ) ; 

SW15== 1 

Halt a ri 

E r- r a r- 

BIT 

14(040000); 

SW14::=1 

L_ ij a p C' ri 

Ta s t 

BIT 

13 ( 02:000r)); 

SW 13=--1 

I n hi i b i t 

E r r a r F* r i n t ci u t s 

BIT 

12' ( 010000 ) ; 

SW12=1 

I ri hi i hi i t 

M a rn a r v Ma n a g a m a n t 

BIT 

1 1 ( Of)4000 ); 

S.Wl 1==1 

I n hi i ti i t 

Subtast Iteratian 

BIT 

10(002000); 

SW10=1 

Ring Ball i:« r i E r- r o r 

BIT 

(")9 ( 001OOC)) ; 

SW09=1 

L.«.:««:« p a n 

E r r a r 

BIT 

r)8 ( 000400 ) " 

SW08=1 

L a a p a n 

Test in SWR<4: CO- 

BIT 

07(000200); 

SW07=1 

I n hi 1 h. 1 1 

P r a gram Ra1 a c a tia n 

BIT 

06(000100); 

SW06=1 

I ri hi i h' 11 

P a r i t y- E r r- ci r Ei a t a c t i a ri 
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BIT 05(000040); SW05=1 Inhibit Exercising Vector Area 

BITS 4—0 SW4—0 Beginning Test Number 

^ With paritv error detection enabled, a memorv failure 
cari cause a paritv error- The error printout ori a 
parity error does not tvpe the good data. Thus, a bit 
dropped or picked up uii 1 1 not be typed as such- 
Therefore, it is best to run the program for 1 pass 
uiith parity disabled, then restart the program with 
parity enabled. 


Running ZQMu 


1« L •:« a. d p r o s r a. m Z Q M C ? ? i n t ci m e rr* •:«r- y, ( L Z Q M C ? ? C R !> ) . 

2. S.’elect options by setting bits into the switch register. Refer 

to the above switch settings. NOTE'S Normal switch settings would 
be bit 6 set for the first pass (000100), and no bits set for the 
sec o n d pass (000000)- 

S’ - 2; t a r t p r »:• g I"” a m testing, (:=< <I i J R I> ) . 

4. If there are no errors detected the printout will a.PF-'ear similar 
t o t ri e f o 1 1 «j w i n g f o r mats 

KTll (MEMORY MANAGEMENT) AVAILABLE 
MEMORY MAPs 
FROM 000000 TO 757777 
PARITY MEMORY MAP: 

REGISTER AT 172100 CONTROLS 
FROM 000000 TO 757777" 

PROGRAM RELOCATED TO 720000 
PROGRAM RELOCATED T0 000000 
END PASS 1 

. T f"i e r e is a t c« t a 1 o f 31 t v F>e s «:• f e r r o r rep «:• r-1 s g e rr e r- a t e d b , t l"i i s 
p r- n g ram. S u m e o f t hi e k e r’ c«:«1 u m n hi e a d i n g m n e m o ri i c s a r e d e s r i f:< e d 
b e 1 <:« ui f Cl r ti 1 a r- i t y s 


F’C 

V/PC 


P/PC 


TRP/PC 

MA 


=■ PROGRAM COUNTER OFF ERROR DETECTION CODE. 

= VIRTUAL PROGRAM COUNTER. THIS IS WHERE THE ERROR DETECTION 
CODE CAN BE FOUND IN THE PROGRAM LISTING. 

= PHYSICAL PROGRAM COUNTER. THIS IS WHERE THE ERROR 
DETECTION CODE IS ACTUALLY LOCATED IN MEMORY. 

= PHYSICAL PROGRAM COUNTER OF THE CODE WHICH CAUSED A TRAP. 
MEMORY ADDRESS 
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S-27 


REG 

PS 

JUT 

S/B 

WAS 


= PARITY REGISTER ADDRESS 
= PROCESSOR STATUS WORD 
= INSTRUCTIONS UNDER TEST 

WHAT CONTENTS SHOULD BE (GOOD DATA) 
••= WHAT CONTENTS WAS (BAD DATA) 


The following is an example of a typical error rnessase printout- 


V/PC P/PC MA S/B WAS 

00A300 006300 473732 133732 173732 


Usina the above printout as an exaiTiF^le? the failure would be found in the 
address ranpe 12SKB~256K’B7 (473732 is between 004000000 and 00777776). The 
failina bit would be bit "14"? this is determined bv cornparinsi aood data with 
bad data, (S/B with WAS), and doing an EXCLUSIVE OR of the two (133732-173732 ^ 
040000), and locating the bad octal bit, bit ''14”. Using Figure 6-6, the 
failing RAM is found to be in the second row of RAMs, (U19-U2.'6). 


Since it is known that bit ”14” is bad, the faulty RAM must therefore be U2-''::L 
For error niessages that do not display the failing address and good and bad 
data, refer to the diagnostic listing for ZQMC., 


I ff the 11/ 
f u n c t i ri s « 


+ svsterr?, a 
Table 6-17 1 


d i a g n o s t i. c / b cr o t s t r a p R i J M p r- o v i d e s 
i s t s t hf e rri e rri«:«r y e r- o r messages. 


t h e rs e c e s s a. r r t e s t 
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TABLE 6-17 - MEMORY ERROR MESSAGES 

ADDRESS OF ERROR DISPLAY (OCTAL.) CAUSE OF ERROR / COMMENT 

1 7 :r: 0 2 M rn <.:* r- r E r ■ i'- r- 2 . N r ■ 1 1 e 

«d ':j r\ r e s s 1: ij ]. 1 s x? 1 . 

1 7 ^c!.' 6 0 2 M e rn c« r- v E r- r o r 3 . B ' L e 

d r - s s .1 fi e r - r- '.j r -« 

1 7 3 R :0 2 02 M e (if r v r r u r 111 p r p — 


niernorv test. 

R 2 ” t a 1 1 I e a «: j a. t a. 

R 3 ~ e p e c t e d a. t a 
RG-= f a .1 1 ;i ri s a d d r e s s 

1 7 -d "“J1 6 C) 2 M e rri a r v e r r- «:i r - „ B i t 1 '5 

set i n o r» e <:« t t e 
p a r 1 1V C R s (1721 00 - 
1 72:1:36 ) . Fa i 1 i ns mern- 
•j I"’ Y s Li fj i.j 1 «j Li a V e L Li e 
par-i tv L_ED chi. 

1 7:3 /- 6 0 0 2 M e (ri c» r v e r r o r i 1 1 

0-;2044KW. 22 hit rnem- 

Cl f v test. IJ IJ iTi rn a n e r- r- a r 

Li a. 1 t f Ij r- s 1 d j. t i- e r- e r'l t 

t e s t s . I t R:J~-t.). t Li e a 

e r r a r- j. i t J e s t 1 - ■ j . T h e r i 

R 4 < J e t e r n s .r a e s f a. i 1 i n s 

tes t .. 

R 4 =. expected data 
R 5 ™ fa 1 ) 11 j SI d a t a 


CONTENTS OF F4 

TEST 

TE 

ST DESCRIPTION 

0 J) C) 0 “ 2 ‘7 7 7 /:■ 

1 

A 1.1 

c! r ess T e s t - I.j t -f' 1 1 -• 

177777 


Da 

ta Test 

LI 2)0 2)00 


Da 

ta Test 

07 202 4 

4 

Od 

•:j F’ a. r 1 L p a 11 e r- r i T e 

125125 

rr 

1 

Bv 

t e (T d d r- e s s i. n s T e 1' 
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FIGURE 


RAM/ROM CHART 


R0V A 

Ul 

vt 

33 

U4 

U5 

U6 

U7 

U8 

U9 

UiO 

un 

U12 

U23 

U14 

un 

UiS 

u:7 

1 

Rev % 

UX9 

U20 

U2: 

U22 

U23 

U24 

U25 

U26 

U27 

U28 

U29 

U30 

U31 

U32 

U)3 

U34 

U35 

U36 

Rev C 

U3I 

U38 

U39 

U40 

U4I 

U4 2 

04 3 

U44 

U4 5 

U46 

U47 

U48 

U49 

V30 

U51 

U52 

U53 

054 

Rev D 

U55 

U56 

U52 

U^l 

U59 

U60 

U6I 

U62 

U03 

U64 

U63 

U66 

U67 

usa 

U69 

U70 

U7l 

U72 

Rev t 

U73 

U74 

U75 

U7<3 

U77 

U78 

U79 

U80 

U8l 

U82 

U843 

1184 

U03 

nee 

U87 

088 

U89 

U90 

Rev f 

U9l 

U92 

U9 3 

U94 

U95 

U96 

U9 7 

U98 

U99 

UlOO 

UlOl 

UI02 

Ui03 

U104 

U105 ' 

UI06 

Ui07 

U108 

Rev C 

■ 


UlU 

Uli2 

UU3 

UU4 

UU3 

UUb 

un? 

UU8 

UU9 

U120 

U121 

U122 

UI23 

U124 

U125 

U126 

Rev K 



■ 

■ 

U!3l 

Ui32 

UI33 

un4 

UI33^ 

U136 

UI37 

Ui38 

U139 

uuo 

U141 

U142 

U143 

U144 

D«t4 

Sit 

0 

I 

2 

3 


5 

6 

rr 

PO 

n 

8 

9 

10 

11 

12 

13 

14 

15 


Rev 

A ® 

0-64JCW 

(0-00377776) 

Row 

E « 256Kw-320Kw 

(02C000C0-02377776) 

Rov 

B - 

64Kw°128Kw 

(00'«00C00»00 7 7 7776) 

Rov 

P - 32nXw-3e4Kw 

(024000C0-02777776) 

Row 

C - 

i2eKw-n2Kw 

(01000000-01377776) 

Row 

C " 3a/.Kw-4^8Kw 

(030C0000-0337777C) 

Row 

0 ® 

19:Kw-2 56)Cw 

(01400000-01777776) 

Row 

H ® 498Kw“312Kw 

(03400000-03777776) 
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F ij r Test 1 -”5 ( R:.?—0 ) d e t e r rn i n e 22 bit r a i 1 i n ^ a d d ress as foil o lu s - 


R1 b i. t s 1. 1 -0 t i 1 .1 r i <;•? a d cl r e s s t» its .1. 1 -0 

R2 b i t s 1 5 ““6 f a 1 1 1 n a d d r e s s b i t s 22'-1 2.' 


E r r o r s 
i s f! • j t 


R4 

R5 

R2 


I 


i n a. d »i r- ess li n :i a li e ri.e s s test. Te s t c f i e c k s a d d r e s s !:« i t s 21 — 6 

e a I j a 1 t o C) t h e n e r r o r is i n t ti i s t e s t „ 

t 

e 'X P e c t e d d a t a 
failin g < j a t a 

22~b i t fa i 1 i ns ad dress bit s 2:1 ~6 fa i 1 i ns ad d re s s 
B ]. i: s 5 - C> a r e a 1 lu a v s 0 . 

Mem o r v e r* r o r i n p r- e — m e m c n x a d d i e s s 

test f «:• r 1 c c a t i c« n s f)- 7 7, 


/ 

173664 02 

/ 


R2' = failing data 

R5 = failing address and expected dat 


173736 


M e n 1 tj r v e r r a r- 1 , data t e s t f ^ ] | ^ d .. 

T e s t 0 - 3 O iL» i i hi M MIJ o f f j f p r e s e n i . 


R J = f a i 1 i n s a d «j r- e s s 
R 4 - e p e c t e d data ( e j t' hi e r 0 0 0000 
or 177777) 

R5 - fai1 ins data 


Test 6.. If 



Please take a few minutes to complete this form. Your responses and comments will help us to 
improve the quaiity and usefulness of our publications. 

Is the manual clear, complete and easy to understand?_ 


Which features of the manual are the most useful? 


Did you find any problems or errors? 


Does the manual address your questions and answer them competently? 


Do you have any other general comments? 


Would you like a representative to call you? 

Name- 

Title_ 

Company- 

Department- 


Street_ 

City_ 

State/Zip Code/Country 
Telephone No_ 


Part No. 52001200 







Fold Here 


Fold Here 
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